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Description

1. Field of the Invention:

[0001] The present invention relates to a frequency
converter, a frequency measurement circuit and a pulse
generator generating pulses having a predetermined
duty ratio wherein a delay circuit consisting of a plurality
of interconnected delay elements is provided to perform
the encoding of a phase difference in a pulse signal, the
outputting of an oscillation signal according to digital da-
ta or both of them concurrently based on delayed signals
sequentially output at predetermined connecting points
of the delay elements.

2. Related Arts:

[0002] As pulse phase difference encoding devices
for encoding a phase difference in a pulse signal into
digital data, pulse phase difference encoding devices
such as that disclosed in JP-A-3-220814 are known
wherein a delay circuit consisting of a plurality of inter-
connected delay elements is provided; the first pulse
signal is input to the delay element at the first stage of
the delay circuit; the delay element in the delay circuit
at which the input pulse has arrived at the point in time
at which the next pulse is input is detected; the number
of the delay elements connected up to this element from
that at the first stage is encoded to obtain digital data
corresponding to the phase difference between those
pulse signals.

[0003] Further, as oscillation devices whose oscilla-
tion frequencies can be digitally controlled over wide
ranges from several hundred KHz to several tens MHz,
digitally controlled oscillation devices such as that dis-
closed in JP-A-5-102801 have been proposed, wherein
a delay circuit consisting of a plurality of interconnected
delay elements is provided as in the pulse phase differ-
ence encoding devices as described above and wherein
the delaying operation of the delay circuit is started by
inputting a pulse signal to the delay element at the first
stage of the delay circuit and, thereafter, an oscillation
signal is output in a cycle according to digital data by
repeating the execution of operations such as outputting
an oscillation signal when pulse signals are output from
the delay elements at connecting positions correspond-
ing to digital data in the delay circuit and initializing the
delay circuit concurrently.

[0004] With those devices, the detection of pulse
phase differences and the control over an oscillation fre-
quency can be performed at time resolution which is de-
termined by the delay time of the delay elements of the
delay circuits. It is therefore possible to achieve a sig-
nificantimprovement over the conventional devices with
respect to the accuracy of the detection of pulse phase
differences and the accuracy of the control over an os-
cillation frequency.

[0005] Further, since these devices can accurately
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performthe detection of pulse phase differences and the
control over an oscillation frequency, it is possible to pro-
vide a PLL (phase locked loop) for communication ap-
paratuses, motor controlling apparatuses, etc. which
can be digitally controlled and which is highly accurate
by combining a pulse phase difference encoding device
and a digitally controlled oscillation device, for example,
as disclosed in JP-A-5-102801. Alternatively, the ratio
of the cycle of an oscillation signal to be measured to
that of a reference signal, i.e., the oscillation frequency
of the oscillation signal can be detected, for example, in
a manner utilizing two pulse phase difference encoding
devices simultaneously wherein the cycle of the refer-
ence oscillation signal input to one of the pulse phase
difference encoding device is encoded; the cycle of the
oscillation signal input to the other pulse phase differ-
ence encoding device is encoded; and division is carried
out on the encoded data to obtain the above-mentioned
ratio. Further, it is also possible to use two digitally con-
trolled oscillation devices concurrently and to synthe-
size the oscillation signals of those oscillation devices
to generate an oscillation signal having a frequency
higher than the frequencies which can be obtained by
those oscillation devices.

[0006] Moreover, document US-A-5,128,624 disclos-
es a pulse phase difference encoding circuit for deter-
mining the phase difference between first and second
input phases by using a delay circuit havinga plurality of
delay elements.

[0007] Such concurrent use of the devices as de-
scribed above will provide a successful result if the delay
circuits incorporated in those devices operate at com-
pletely the same time resolution. However, variations in
the time resolution among the delay circuits in those de-
vices caused by variations in the delay elements of the
delay circuits will result in variations in time resolution
among the oscillation signals of the devices which are
in accordance with the encoded data of pulse phase dif-
ferences and digital data. This has resulted in problems
such as that the operation of a PLL can not be digitally
controlled with high accuracy if the PLL is constituted by
apulse phase difference encoding device and a digitally
controlled oscillation device as described above.
[0008] Such a problem can be avoided by sharing a
single delay circuit among those devices instead of pro-
viding each of those devices with a delay circuit. In con-
ventional devices, however, since a delay circuit is ini-
tialized and is activated for a delaying operation when
the first pulse signal to be phase-difference-encoded is
input from the outside or when an oscillation signal is
output, it has not been possible to share a single delay
circuit among such devices.

SUMMARY OF THE INVENTION

[0009] ltistherefore an object of the present invention
to provide a frequency converter, a frequency measure-
ment circuit and a pulse generator for generating pulses



3 EP 0 660 518 B1 4

having a predetermined duty ratio using a single delay
device.

[0010] Concerningthe frequency converter this object
is achieved by the measures indicated in the independ-
entclaim 1. Concerningthe frequency measurement cir-
cuit the above-mentioned object is achieved by the
measures indicated in the independent claim 7, while
concerning the pulse generator the object is achieved
by the measures indicated in present independent claim
11.

[0011] The dependent subclaims describe particular
embodiments of the present invention.

[0012] For example in frequency measurement cir-
cuits the sharing of a delay circuit among a plurality of
pulse phase difference encoding devices can be real-
ized. In each of the pulse phase difference encoding de-
vices, each time an external pulse signal is input, the
latest delayed signal output by the delay circuit is de-
tected; digital data indicating the connecting position of
the delay element which has output the delayed signal
in the delay circuit are generated; the deviation between
the previously generated digital data and the latest dig-
ital data is calculated; and the result of the calculation
is output as digital data indicating the phase difference
between the pulse signals.

[0013] Specifically, a pulse phase difference encod-
ing circuit according to the present invention is config-
ured to encode the position in a delay circuit at which a
delayed signal is output each time an external pulse sig-
nal is input, to calculate the deviation between the en-
coded value and the previous encoded value and to out-
put the result of the calculation as digital data indicating
the difference between the phases of the two pulse sig-
nals input from the outside. This makes it possible to
encode the phase difference between two pulse signals
using only delayed signals sequentially and successive-
ly output from a delay circuit without activating the delay
circuit by the first input pulse signal as in conventional
pulse phase difference encoding circuits. Thus, a delay
circuit is shared among a plurality of pulse phase differ-
ence encoding circuits.

[0014] As aresult, in a pulse phase difference encod-
ing device employing the present invention, a single de-
lay circuit can be shared among a plurality of pulse
phase difference encoding circuits to concurrently en-
code phase differences between a plurality of pulse sig-
nals. This makes it possible to provide a simpler circuit
configuration and to make a device more compact when
compared to combinations of conventional pulse phase
difference encoding circuits because the delay circuit is
shared by the pulse phase difference encoding circuits.
In addition, it is possible to achieve matching of the time
resolution of digital data encoded by those pulse phase
difference encoding circuits.

[0015] Further, in the pulse phase difference encod-
ing device, the above-described delay circuit may be
constituted by a pulse circulating circuit including a plu-
rality of inverting circuits which are interconnected in the

10

15

20

25

30

35

40

45

50

55

form of a ring and which sequentially invert pulse signals
to circulate them. The number of the circulations of a
pulse signal within the pulse circulating circuit may be
counted in the pulse phase difference encoding circuit,
and the count value may be used as high order bit data
among the digital data generated.

[0016] When a phase difference between pulse sig-
nals is encoded, if the delay circuit used is constituted
by simply connecting delay elements, the number of the
delay elements constituting the delay circuit must be in-
creased as the phase difference to be encoded increas-
es. Further, when phase differences between pulse sig-
nals which are successively input are to be sequentially
encoded, the number of the delay elements constituting
the delay circuit must be infinite. Therefore, the delay
circuit is constituted by a pulse circulating circuit con-
sisting of a plurality of inverting circuits interconnected
in the form of a ring. This arrangement makes it possible
to encode even a phase difference between pulse sig-
nals which is larger than the time required for the pulse
signals to make one circulation in the pulse circulating
circuit without any problem because even if the number
of the inverting circuits constituting the pulse circulating
circuit is reduced, delayed signals are sequentially and
continuously output from the pulse circulating circuit; the
number of the circulations a pulse signal makes within
the pulse circulating circuit is counted; and the deviation
is calculated using the count value as high order bit data
among the digital data.

[0017] As aresult, even if the number of the delay el-
ements (inverting elements) constituting the delay cir-
cuit (pulse circulating circuit) is small, phase differences
between pulse signals can be continuously encoded
over a wide range. This makes it possible to provide a
device having a simple configuration and hence a com-
pact size.

[0018] In an oscillation device or pulse generator for
generating pulses having a predetermined duty ratio a
delay circuit is shared among a plurality of digitally con-
trolled oscillation circuits. In each of the digitally control-
led oscillation circuits, when digital data indicating the
output cycle of a pulse signal is input, an input data out-
putting means first outputs predetermined input data to
a signal selection means. Then, the signal selection
means selects the delayed signal output by the delay
element at the connecting position corresponding to the
input data from among delayed signals sequentially out-
put by the delay circuit. When the signal selection
means selects the delayed signal, a pulse signal output-
ting means outputs a pulse signal. Further, when the sig-
nal selection means selects the delayed signal output
by the delay circuit, the input data outputting means up-
dates the input data being output to the signal selection
means by adding digital data being input from the out-
side thereto. As a result, the signal selection means se-
lects again a delayed signal output by the delay circuit
after a period of time corresponding to this digital data.
When the signal selection means selects this delayed
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signal, the pulse signal outputting means generates a
pulse signal again.

[0019] In otherwords, according to the present inven-
tion, the digitally controlled oscillation circuits are con-
figured so that each time the signal selection means se-
lects a delayed signal (i.e., each time the pulse signal
outputting means outputs a pulse signal), the input data
used by the signal selection means to select the delayed
signal is updated by adding digital data input from the
outside. This makes it possible to control the output cy-
cle (i.e., oscillation frequency) of a pulse signal using
delayed signals which are sequentially and continuously
output by the delay circuit without initializing and acti-
vating the delay circuit each time a pulse signal serving
as an oscillation signal is output. Thus, the sharing of a
delay circuit among a plurality of digitally controlled os-
cillation circuits is realized.

[0020] As a result, in a pulse generator or oscillation
device employing the present invention, a single delay
circuit can be shared among a plurality of digitally con-
trolled oscillation circuits to output pulse signals having
predetermined cycles corresponding to a plurality of dig-
ital data input from the outside This makes it possible to
provide a simpler circuit configuration and to make a de-
vice more compact when compared to combinations of
conventional digitally controlled oscillation circuits be-
cause the delay circuit is shared by the digitally control-
led oscillation circuits. In addition, it is possible to
achieve matching of the time resolution of the pulse sig-
nal generated by each of the digitally controlled oscilla-
tion circuits to the digital data.

[0021] In this oscillation circuit, the above-described
delay circuit can also be constituted by a pulse circulat-
ing circuit which includes a plurality of inverting circuits
interconnected in the form of a ring and in which pulse
signals are sequentially inverted by the inverting circuits
to be circulated. In each of the above-described digitally
controlled oscillation circuits, a second counting means
counts the number of the circulations of a pulse signal
within the pulse circulating circuit and outputs a detec-
tion signal indicating when the count value reaches high
order bit data among the digital data input from the out-
side; an input data outputting means updates the input
data output to the signal selection means according to
the low order bit data among the digital data input from
the outside; the number of circulations counted by the
second counting means is incremented by one if when
the updated value reaches the high order bits; and the
pulse signal outputting means outputs a pulse signal
when adetection signal is output by the second counting
means and a delayed signal is selected by the signal
selection means. Further, when a detection signal is out-
put by the second counting means, a count control
means initializes the count value in the second counting
means and causes it to resume counting.

[0022] Specifically, when pulse signals are repeatedly
generated in a cycle corresponding to digital data input
from the outside, if a delay circuit constituted by simply
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connecting delay elements is used, the number of the
delay elements constituting the delay circuit must be in-
creased as the operating time increases. Since it is nec-
essary to configure the delay circuit using an infinite
number of delay elements in order to cause continuous
oscillation, the delay circuit is constituted by a pulse cir-
culating circuit consisting of a plurality of inverting cir-
cuits interconnected in the form of a ring so that delay
signals will be sequentially and successively output from
the pulse circulating circuit even if the pulse circulating
circuit is configured using a small number of inverting
circuits. When the delay circuit is thus constituted by a
pulse circulating circuit, the cycle (time) corresponding
to digital data can not be preferably measured from the
delay signals from the pulse circulating circuit in the dig-
itally controlled oscillation circuit according to the third
aspect of the invention. So, according to the present in-
vention, a second counting means and a counting con-
trol means are provided in the digitally controlled oscil-
lation circuit to allow the output cycle of a pulse signal
to be controlled according to the number of the circula-
tions of the pulse signal within the pulse circulating cir-
cuit and the positions at which delayed signals are out-
put from the pulse circulating circuit.

[0023] This makes it possible to output pulse signals
continuously for a longtime in a cycle in accordance with
digital data with a small number of delay elements (in-
verting elements) constituting the delay circuit (pulse cir-
culating circuit), thereby simplifying the configuration of
a device and reducing the size of the device.

[0024] In addition, the present invention can be ap-
plied to a combination of a pulse phase difference en-
coding device and an oscillation device as described
above thereby defining a frequency converter, wherein
a delay circuit may be shared by such devices.

[0025] For example, when a PLL is configured utiliz-
ing the above-described pulse phase difference encod-
ing circuit and digitally controlled oscillation circuit, the
configuration of the device can be simplified to make the
device compact because there is no need for providing
those circuits with a delay circuit unlike the conventional
devices. Further, since one delay circuit is shared by
those devices, the matching of the time resolution of
those devices can berealized. For example, by inputting
digital data obtained by the pulse phase difference en-
coding circuit to the digitally controlled oscillation circuit
as it is, an oscillation signal can be output from the dig-
itally controlled oscillation circuit in complete synchro-
nism with the input signal to the pulse phase difference
encoding circuit.

[0026] In addition, in this frequency converter, the de-
lay circuit can be constituted by a pulse circulating circuit
which has a plurality of inverting circuits interconnected
in the form of a ring and which circulates a pulse signal
by sequentially inverting it by the inverting circuits.
[0027] This makes it possible to continuously perform
the encoding of pulse phase differences and the output-
ting of pulse signals with a small number of delay ele-
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ments (inverting elements) constituting the delay circuit
(pulse circulating circuit), thereby simplifying the config-
uration of a device and reducing the size of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and other objects, features and charac-
teristics of the present invention will be appreciated from
a study of the following detailed description, the append-
ed claims, and drawings, all of which form a part of this
application. In the drawings:

FIG. 1 is a block diagram showing an overall con-
figuration of a frequency converter of an embodi-
ment of the present invention;

FIG. 2 is an electrical circuit diagram showing a con-
figuration of a ring oscillator of an embodiment of
the present invention;

FIG. 3is atime chartillustrating the operation of the
ring oscillator shown in FIG. 2;

FIG. 4 is an electrical circuit diagram showing a con-
figuration of a pulse phase difference encoding cir-
cuit of an embodiment of the present invention;
FIG. 5is an electrical circuit diagram showing a con-
figuration of a pulse selector/encoder circuit in the
pulse phase difference encoding circuit shown in
FIG. 4;

FIG. 6 is atime chartillustrating the operation of the
pulse phase difference encoding circuit shown in
FIG. 4;

FIG. 7 is an electrical circuit diagram showing a con-
figuration of a digitally controlled oscillation circuit
in an embodiment of the present invention;

FIG. 8 is a time chart illustrating an operation of the
digitally controlled oscillation circuit shown in FIG.
7 which directly follows the activation of the same;
FIG. 9 is a block diagram showing a configuration
of a frequency measurement device utilizing two
pulse phase difference encoding circuits; and

FIG. 10(a) is a block diagram showing a configura-
tion of an oscillation device utilizing two digitally
controlled oscillation circuits and FIG. 10(b) is a
time chart for explaining the operation of FIG. 10(a).

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EXEMPLARY EMBODIMENTS

[0029] An embodiment of the present invention will
now be described with reference to the accompanying
drawings.

[0030] FIG. 1 is a block diagram showing an overall
configuration of a frequency converter according to an
embodiment of the present invention wherein a refer-
ence signal PB which is input from the outside is sub-
jected to frequency division or frequency multiplication
to generate an output signal (pulse signal) POUT at a
predetermined frequency.

[0031] Asshown inFIG. 1, the frequency converter of
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the present embodiment is configured as a combination
of pulse phase difference encoding device and an oscil-
lation device comprising a ring oscillator 2 which is con-
stituted by a multiplicity of inverting circuits connected
in the form of a ring and which circulates a pulse signal
by sequentially delaying it by means of the inverting op-
eration of the inverting circuits when a control signal PA
at a high level is being input from the outside, a pulse
phase difference encoding circuit 4 which converts the
phase difference between a rise and the next rise (i.e.,
the cycle) of the reference signal PB into a binary digital
value DOUT based on delayed signals sequentially out-
put by predetermined inverting circuits forming a part of
the ring oscillator 2, an arithmetic circuit 6 which multi-
plies or divides the binary digital value DOUT obtained
by the pulse phase difference encoding circuit 4 by a
predetermined value to generate control data CD rep-
resenting the output cycle of a pulse signal POUT, and
a digitally controlled oscillation circuit 8 which outputs
the pulse signal POUT in a cycle which is obtained by
dividing or multiplying the reference signal PB based on
the control data CD output by the arithmetic circuit 6 and
the delayed signals sequentially output by the ring os-
cillator 2.

[0032] First, as shown in FIG. 2, the ring oscillator 2
includes two two-input NAND gates (hereinafter simply
referred to as NAND gates) NAND1 and NAND32 and
thirty inverters INV2 through INV31 as the inverting cir-
cuits. The input terminal of each of these circuits is con-
nected to the input terminal of the next stage. An exter-
nal control signal PA is input to the input terminal of the
NAND gate NAND1 which is not connected to the NAND
gate NAND32 (this input terminal is hereinafter referred
to as an activation terminal) while the output signal of
the inverter INV18 is input to the input terminal of the
NAND gate NAND32 which is not connected to the in-
verter INV31 (this input terminal is hereinafter referred
to as a control terminal). On the other hand, the output
terminals of the inverting circuits connected at stages
which are in even-numbered places when counted from
the NAND gate NAND1 are provided with output termi-
nals QO through Q15, respectively. Each of these output
terminals QO through Q15 is connected to the pulse
phase difference encoding circuit 4 and the digitally con-
trolled oscillation circuit 8.

[0033] The operation of the ring oscillator 2 having
such a configuration will now be described with refer-
ence to FIG. 3.

[0034] When the control signal PA is at a low level,
the output PO1 of the NAND gate NAND1 becomes the
high level. Then, the output of the inverters at stages in
even-numbered places counted from the NAND gate
NAND1 becomes the low level while the output of the
inverters at stages in odd-numbered places becomes
the high level. This results in a stable state. In this state,
the output P18 of the inverter INV18 input to the control
terminal of the NAND gate NANDS32 is at the low level.
Therefore, the NAND gate NAND32 exceptionally out-
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puts the high level in spite of the fact that it is connected
at an even-numbered stage. In other words. with such
a configuration, the input and output signals of the
NAND gate NAND1 are both at the high level, and the
NAND gate NAND1 starts an inverting operation at the
subsequent transition of the control signal from the low
level to the high level.

[0035] When the subsequent transition of the control
signal PA from the low level to the high level occurs, the
output PO1 of the NAND gate NAND1 changes from the
high level to the low level. As a result, the output of the
subsequent inverters is sequentially inverted. The out-
put of the inverters at odd-numbered stages changes
from the high level to the low level, and the output of the
inverters at even-numbered stages changes from the
low level to the high level. In the following description,
an edge of a pulse signal which sequentially circulates
on the ring oscillator 2 as falling outputs of the inverting
circuits at odd-numbered stages and rising outputs of
the inverting circuits at even-numbered stages is re-
ferred to as a main edge and indicated by the dots in
FIG. 3.

[0036] When this main edge arrives at the inverter
INV18 to cause a transition of the output P18 of the in-
verter INV18 from the low level to the high level, since
the output level of the inverter INV3 is still at the high
level, both of two input signals at the NAND gate
NANDS32 become the high level. Thus, the NAND gate
NANDS32 starts an inverting operation, the output there-
of being inverted from the high level to the low level. In
the following description, when the main edge is input
to the NAND gate NANDS32 through the control terminal
thereof and is inverted by the NAND gate NAND32 to
become an edge of a pulse signal sequentially circulat-
ing on the ring oscillator 2 as rising outputs of the invert-
ing circuits at odd-numbered stages and falling outputs
of the inverting circuits at even-numbered stages, such
an edge is referred to as a reset edge and is indicated
by the X's in FIG. 3. This reset edge is circulated on the
ring oscillator 2 along with the main edge generated by
the NAND gate NAND1.

[0037] The main edge is sequentially inverted by the
inverters subsequent to the inverter INV18 and is input
to the NAND gate NAND32 as a result of the inversion
of the output of the inverter INV31 from the high level to
the low level. At this time, since the input signal at the
controlterminal of the NAND gate NAND32, i.e., the out-
put signal of the inverter INV18, is at the high level, the
sequential inversion of the main edge is continued at the
NAND gate NAND32 and the subsequent inverters
starting with NAND gate NAND1 to propagate the main
edge on the ring oscillator 2.

[0038] The reason why the output signal of the invert-
er INV18 is still at the high level when the main edge
has arrived the NAND gate NAND32 via the inverters
INV19through INV31 as described above is the fact that
the number of the inverters ranging from the INV19 to
INV31 are 13 while the number of the inverters in the
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range from the NAND gate NAND32 to the inverter
INV18is 19 and, therefore, the main edge is input to the
NAND gate NAND32 before the reset edge is propagat-
ed from the NAND gate NAND32 to the inverter INV18.
[0039] On the other hand, the reset edge generated
by the NAND gate NAND32 arrives at the inverter INV18
again via inverters including the NAND gate NAND1 to
invert the signal level at the control terminal of the NAND
gate NAND32 from the high level to the low level. At this
time, since the signal input from the inverter INV31 to
the NAND gate NAND32 has been already changed to
the low level by the main edge, the output of the NAND
gate NAND32 will not change, and the reset edge is se-
quentially propagated to the NAND gate NAND32 via
the normal route from the inverter INV18 and through
the inverters INV19 through INV31.

[0040] When the reset edge arrives at the inverter
INV31, the signal input from the inverter INV31 to the
NAND gate NAND32 is inverted from the low level to the
high level. At substantially the same time, the main edge
arrives at the inverter INV18 to invert the signal input to
the control terminal of the NAND gate NAND32 also
from the low level to the high level. This is because the
main and reset edges travel through completely the
same number of inverting circuits before they arrive at
the NAND gate NAND32. Specifically, the main edge
travels from the NAND gate NAND1 to make a round
through the ring oscillator 2 via the normal route and
arrives at the inverter INV18 after passing through the
NAND gate NAND1 again while the reset edge is gen-
erated as a result of the activation of the inverting oper-
ation of the NAND gate NAND32 after the main edge
arrives at the inverter INV18 from the NAND gate
NAND1 and makes a round through the ring oscillator 2
via the normal route.

[0041] In the ring oscillator 2 in the present embodi-
ment, the inversion response time of the inverters at
even-numbered stages is preset so that the output of a
fall is faster than the output of a rise and, conversely,
the inversion response time of the inverters at odd-num-
bered stages is preset so that the output of arise is faster
than the output of a fall. As a result, the reset edge ar-
rives at the NAND gate NAND32 slightly earlier than the
main edge.

[0042] Therefore, when the reset edge inverts the out-
put of the inverter INV31 from the low level to the high
level, the signal input to the control terminal of the NAND
gate NAND32 is still at the low level. So, the output of
the NAND gate NAND32 is not inverted and, when the
main edge arrives at the inverter INV18 with a slight de-
lay to invert the signal input to the control terminal of the
NAND gate NAND32 from the low level to the high level,
the output of the NAND gate NANDS32 is inverted from
the high level to the low level. Thus, the reset edge is
temporarily disappears at this point and is regenerated
by the main edge.

[0043] Thereafter, the above-described operation is
repeated and the reset edge is regenerated each time
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the main edge makes one round and travels round the
ring oscillator 2 along with the main edge. When the con-
trol signal becomes the low level, such a series of oper-
ations is stopped and the above-described initial state
is restored.

[0044] As described above, in the ring oscillator 2 in
the present embodiment, two pulse edges (main andre-
set edges) which are generated at different timing are
circulated in the same path of circulation. The output of
the NAND gate NAND1 is inverted by the reset edge
before the main edge which has been generated by itself
returns thereto while the output of the NAND gate
NANDS32 is inverted by the main edge before the reset
edge which has been generated by itself returns thereto.
Thus, a pulse signal is being constantly circulated. Each
of the output terminal Q2 through Q15 generates a pulse
signal whose cycle is equal to a period 32 times the time
of the inversion operation at each of the inverting circuits
Td (32¢Td).

[0045] A description will now be made on the pulse
phase difference encoding circuit 4 which converts a
phase difference between reference signals PB into a
binary digital value DOUT using the above-described
ring oscillator 2.

[0046] Asshown in FIG. 4, the pulse phase difference
encoding circuit 4 in the present embodiment comprises
a pulse selector/encoder circuit 12 which receives the
output signals of the output terminals QO through Q15
of the ring oscillator 2, detects the inverting circuit in the
ring oscillator 2 at which the main edge has arrived when
the reference signal PB changes from the low level to
the high level (the timing at which a rise of the reference
signal PB occurs) and encodes such a position into a
binary digital value consisting of four bits (DO through
D3), afirst counter 14 which counts how many times the
main edge has been circulated in the ring oscillator 2
from the output P32 of the NAND gate NAND32 in the
ring oscillator 2 output from the output terminal Q15, a
first latch circuit 16 which latches the output consisting
of 10 bits from the first counter 14 at the timing at which
arise of the reference signal PB occurs, a second coun-
ter 18 which counts how many times the main edge has
been circulated in the ring oscillator 2 from the output
P16 of the inverter INV16 in the ring oscillator 2 output
from the output terminal Q7, a second latch circuit 20
which latches the output consisting of 10 bits from the
second counter 18 at the timing at which a rise of the
reference signal PB occurs, a multiplexer 22 to which
the output consisting of 10 bits from each of the first latch
circuit 16 and the second latch circuit 20 is input and
which selects the output consisting of 10 bits from either
the first latch circuit 16 or the second latch circuit 20
based on the value of the most significant bit (MSB) of
the 4-bit binary digital value (DO through D3) output by
the pulse selector/encoder circuit 12 and outputs it as
high order bit data (D4 through D13) for the 4-bit binary
digital value (DO through D3) output by the pulse selec-
tor/encoder circuit 12, an adder 24 which adds high or-
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der bit data D14 having a value of 1 (4000H) to a 14-bit
binary digital value (DO through D13) consisting of the
10-bit binary digital value (D4 through D13) from the
multiplexer 22 and the 4-bit binary digital value (DO
through D3) from the pulse selector/encoder circuit 12
and outputs the result as a 15-bit binary digital value (DO
through D14), a data latch circuit 26 which latches the
above-described 14-bit binary digital value (DO through
D13) at the timing at which a rise of the reference signal
PB occurs, and a subtracter 28 which subtract the binary
digital value (DO through D13) latched by the data latch
circuit 26 at the timing of the previous rise of the refer-
ence signal PB from the 15-bit binary digital value (DO
through D14) output by the adder 24 to generate a bi-
nary digital value DOUT representing the period be-
tween arise of the reference signal PB and the next rise
thereof (the cycle of the reference signal PB).

[0047] AsshowninFIG. 5, the pulse selector/encoder
circuit 12 comprises D flip-flops DFFO through DFF15
which have input terminals D to which the output termi-
nals QO through Q15 of the ring oscillator 2 are respec-
tively connected and which laich the levels of the signals
at the output terminals QO through Q15, respectively, at
a rise of the reference signal PB, AND gates ANDO
through AND15 to which the output of D flip-flops DFFO
through DFF15 is input as it is at the respective group
of input terminals and to which the output of the subse-
quent D flip-flops DFF1 through DFF15 and DFFO is in-
put after being inverted at another group of input termi-
nals, and an encoder 12a which encodes the position of
an AND gate ANDn whose output level is high from
among the AND gates ANDO through AND15 into a 4-bit
binary digital value (DO through D3).

[0048] In the pulse phase difference encoding circuit
4 in the present embodiment having such a configura-
tion, as shown in FIG. 6, the counters 14 and 18 enabled
for counting when the ring oscillator 2 is activated by the
control signal PA to start circulating a pulse signal; the
second counter 18 counts up when the main edge pass-
es through the inverter INV16 at the 16th stage of the
ring oscillator 2; and the first counter 14 counts up when
the main edge passes through the NAND gate NAND32
at the 32th stage of the ring oscillator 2. Specifically, as
shown in FIG. 6, the timing at which output of the first
counter 14 (C10 through C19) varies is shifted from the
timing at which the output of the second counter 18 (C20
through C29) varies by a period of time required for the
main edge to go half round the ring oscillator 2.

[0049] If arise of the reference signal PB occurs while
the ring oscillator 2 is operating in such a circulating
mode, the first latch circuit 16 latches the output of the
first counter 14 (C10 through C19) and the second laich
circuit 20 latches the output of the second counter 18
(C20 through C29).

[0050] Ontheotherhand, when arise of the reference
signal PB occurs as described above, a clock is supplied
to the D flip-flops DFFO through DFF15 in the pulse se-
lector/encoder circuit 12. The D flip-flops DFFO through
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DFF15 latch and output the signal levels at the output
terminals QO through Q15 of the ring oscillator at that
time.

[0051] For example, assume that the reference signal
PB rises at timing t1 as shown in FIG. 6, i.e., if it rises
when the main edge is at the NAND gate NAND32 at
the 32th stage. Then, the output signal of the NAND gate
NANDS32 has been changed to the high level but the out-
put signal of the inverter INV2 at the second stage is still
at the low level. So, only the output of the rightmost AND
gate AND15 from among the AND gates ANDO through
AND15 shown in FIG. 4 is output to the encoder 12a.
[0052] Specifically, the pulse signal output by an in-
verter at an even-numbered stage in the ring oscillator
2 is input to the D flip-flops DFFO through DFF 15 of the
encoder circuit 12. Since this signal rises at the main
edge and falls at the reset edge, the output of a D flip-
flop DFFn among the D flip-flops DFFO through DFF15
which latches the output from an inverting circuit in the
ring oscillator 2 at which the main edge has arrived be-
comes the high level while the output of the next D flip-
flop DFF(n+1) becomes the low level. In the configura-
tion of the present embodiment. the output of each of
two consecutive D flip-flops among the D flip-flops DFFO
through DFF15 is input to the AND gates ANDO through
AND15; only the output of an AND gate ANDn associ-
ated with a D flip-flop DFFn the output of which is at the
high level and which is followed by a D flip-flop DFF(n+1)
whose output is at the low level becomes the high level;
and the signal of such an AND gate is output to the en-
coder 12a to allow the encoder 12a to generate a binary
digital value (DO through D3) representing the position
of the inverting circuit at which the main edge has arrived
in the ring oscillator 2. For example, if the reference sig-
nal PB rises when the main edge has arrived the NAND
gate NAND32 at the 32th stage to render the output level
of the AND gate AND15 high as described above, the
encoder 12a outputs a binary digital value (1111) which
is a binary number obtained by encoding a value 15 cor-
responding the position of the AND gate.

[0053] In the pulse phase difference encoding circuit
4 in the present embodiment, the MSB of the binary dig-
ital value (DO through D3) output by the pulse selector/
encoder circuit 12, i.e., D3, is input to the multiplexer 22.
The multiplexer 22 outputs the 10-bit output of the first
latch circuit 16 (C10 through C19) as a 10-bit binary dig-
ital value (D4 through D13) if the value of D3 is 1 and
outputs the 10-bit output of the second latch circuit 20
as a 10-bit binary digital value (D4 through D13) if the
value of D3 is 0.

[0054] Forexample, when the reference signal PBris-
es at the timing t1 shown in FIG. 6, the main edge has
arrived at the NAND gate NAND32 at the 32th stage of
the ring oscillator 2. Then, the value of D3 output by the
pulse selector/encoder circuit 12 is 1. In this case, the
10-bit output of the first latch circuit 16 is selected, and
the multiplexer 22 outputs (0000000001). When the ref-
erence signal PB rises at the timing t2 shown in FIG. 6,
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the main edge has already passed through the inverter
INV2 at the second stage of the ring oscillator 2 and has
not arrived at the inverter INV16 at the 16th stage. Then,
the value of D3 output by the pulse selector/encoder cir-
cuit 12is 0. In this case, the 10-bit output of the second
latch circuit 20 (C20 through C29) is selected, and the
multiplexer 22 outputs (0000000010).

[0055] As described above, in the pulse phase differ-
ence encoding circuit 4 in the present embodiment, two
counters 14 and 18 and two latch circuits 16 and 20 are
provided, and the multiplexer 22 selects the output of
the second latch circuit 20 if the value of the MSB of the
binary digital value (DO through D3) output by the pulse
selector/encoder circuit 12 is 0 and selects the output
of the first latch circuit 16 if the value of the MSB of the
binary digital value (DO through D3)is 1. This is because
it takes a certain period of time before the output of the
counters 14 and 18 is stabilized. With such an arrange-
ment, a stable and accurate count value is always output
by the multiplexer 22 by selecting the counter to which
the output signal of the inverting circuit preceding the
position of the main edge at the time of a rise of the ref-
erence signal PB by at least a half round of the ring os-
cillator 2 is input as a clock.

[0056] Next,the 10-bit binary digital value (D4 through
D13) output by the multiplexer 22 as described above
along with the 4-bit binary digital value (DO through D3)
output by the pulse selector/encoder circuit 12 is input
to the adder 24 and the data latch circuit 26 as a 14-bit
binary digital value (DO through D13). The adder 24
adds high order bit data D14 having a value of 1 (=4000
(HEX)) to this 14-bit binary digital value (DO through
D13) and outputs a 5-bit binary digital value (DO through
D14) as a result of such addition to the subtracter 28.
[0057] The data latch circuit 26 latches the 14-bit bi-
nary digital value (DO through D13) input by the pulse
selector/encoder circuit 12 and the multiplexer 22 each
time the reference signal PB rises and outputs the
latched binary digital value (DO through D13) to the sub-
tracter 28.

[0058] Since the data laiched by the data latch circuit
26 atthistime are a binary digital value (DO through D13)
which has been already output by the multiplexer 22 and
the pulse selector/encoder circuit 12 at the time of a rise
of the reference signal PB, the data are the binary digital
value (DO through D13) which has been generated by
the multiplexer 22 and the pulse selector/encoder circuit
12 at the time of the previous rise of the reference signal
PB (i.e., in the preceding cycle). Normally, the binary
digital value (DO through D13) of the reference signal
PB latched by this data latch circuit 26 in the preceding
cycle and the 15-bit binary digital value (DO through
D14) which has been generated in the current cycle by
a rise of the reference signal PB and which has been
added with the most significant bit D14 by the adder 24
are input to the subtracter 28.

[0059] The subtracter 28 subtracts the binary digital
value (DO through D13) in the preceding cycle of the ref-
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erence signal PB input by the data latch circuit 26 from
the latest binary digital value (DO through D14) input by
the adder 24, calculates the difference, and outputs the
result of the calculation as a 14-bit binary digital value
DOUT representing the cycle of the reference signal PB.
[0060] Specifically, in the pulse phase difference en-
coding circuit 4 in the present embodiment, the number
of the circulations of the main edge in the ring oscillator
2 after the ring oscillator 2 is activated by the control
signal PA; a binary digital value representing the time of
arise of the reference signal PB each time the reference
signal PBrises from the result of the counting and binary
digital value representing the position of the main edge
in the ring oscillator 2 output by the pulse selector/en-
coder circuit 12; and the difference between the latest
binary digital value thus generated and the binary digital
value which has been previously generated is output to
the arithmetic circuit 6 as a binary digital value DOUT
representing the cycle of the control signal PA.

[0061] This allows a pulse signal circulating operation
of aring oscillator to be continuously performed without
the need for resetting the ring oscillator each time a
phase difference between input signals is encoded as
in conventional pulse phase difference encoding cir-
cuits.

[0062] When the subtracter 28 calculates the differ-
ence between the latest binary digital value generated
at the timing of a rise of the reference signal PB and the
previously generated binary digital value, the adder 24
adds the most significant bit D14 having a value of 1 to
the latest binary digital value to obtain a 15-bit binary
digital value. The reason is that the number of the cir-
culations of a pulse signal in the ring oscillator 2 will oth-
erwise return tothe minimum value (=0) when the output
value thereof reaches the maximum value (=3FFF
(HEX)) because the number is continuously counted by
the counters 14 and 18.

[0063] Specifically, if the output of the counters 14 and
18 changes from the maximum value to the minimum
value during the period between a rise of the reference
signal PB and the next rise of the same, the previous
binary digital value (DO through D13) latched by the data
latch circuit 23 exceeds the latest binary digital value
(DO through D13) obtained by the multiplexer 22 and the
pulse selector/encoder circuit 12. If the former is sub-
tracted from the latter as it is, the subtraction will result
in a negative value. According to the present embodi-
ment, a binary digital value DOUT corresponding to the
cycle of the reference signal PB is always obtained by
adding the most significant bit data D14 having a value
of 1 to the latest binary digital value (DO through D13)
to generate a 15-bit binary digital value (DO through
D14), by subtracting the binary digital value (DO through
D13) latched by the data latch circuit 26 from this value,
and by outputting only the 14 low order bits of the result
of the subtraction.

[0064] Next, the binary digital value DOUT represent-
ing the reference signal PB obtained by the pulse phase
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difference encoding circuit 4 as described above is mul-
tiplied or divided by a predetermined value at the arith-
metic circuit 6 and the result is output as control data
CD (14 bits) for the digitally controlled oscillation circuit
8.

[0065] Upon the receipt of the control data CD, the
digitally controlled oscillation circuit 8 outputs a pulse
signal (oscillation signal) POUT in a cycle correspond-
ing to the control data CD. Specifically, the digitally con-
trolled oscillation circuit 8 outputs the pulse signal POUT
in a cycle which is obtained by the multiplying the cycle
of the reference signal PB by the predetermined value,
i.e. a cycle obtained by dividing the frequency of the ref-
erence signal PB by the predetermined value if the con-
trol data CD is a value obtained by multiplying the binary
digital value DOUT by the predetermined value and out-
puts the pulse signal POUT in a cycle obtained by divid-
ing the cycle of the reference signal PB by the predeter-
mined value, i.e., a cycle obtained by multiplying the fre-
quency of the reference signal PB by the predetermined
value if the control data CD is a value obtained by divid-
ing the binary digital value DOUT by the predetermined
value.

[0066] The configuration and operation of this digitally
controlled oscillation circuit 8 will now be described.
[0067] As shown in FIG. 7, the digitally controlled os-
cillation circuit 8 in the present embodiment comprises
a pulse selector 32 which receives signals from the out-
put terminal QO through Q15 of the ring oscillator 2, se-
lects the output signal of a predetermined output termi-
nal corresponding to select data CDLN to be described
later, and outputs the signal as a select signal PSO, a
down counter 34 in which ten high order bits of the 14-bit
control data CD input from the arithmetic circuit 6 are
preset as counter data CDH and which counts at the
timing of a rise of the output signal of the output terminal
Q7 of the ring oscillator 2, renders the level of an output
signal CN1 high if the count value DCD is 1, and renders
the level of an output signal CN2 high if the count value
DCD is 0, a latch circuit 36 which is reset by a reset
signal CST input from the outside when the oscillation
circuit 8 is activated and which latches four low order
bits of the 14-bit control data CD input by the arithmetic
circuit 6 at the timing of a rise of the pulse signal POUT
as reference select data CDL, a latch circuit 38 which is
also reset by the reset signal CST input from the outside
and which latches the select data CDLN which has been
input to the pulse selector 32 at that time at the timing
of a rise of the pulse signal POUT, and outputs the
latched data as old select data CDLB, an adder 40 which
adds the old select data CDLB output by the latch circuit
38 andthe reference select data CDL output by the latch
circuit 36 to generate 5-bit sum data CDLA, outputs the
low order 4 bits thereof to the pulse selector 32 and the
latch circuit 38 as the above-described select data
CDLN, and outputs the value of the fourth low order bit
of the sum data CDLA (i.e., the most significant bit of
the select data CDLN) as a signal MSB, a selector 42
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which selects the output signal CN1 of the down counter
34 when a carry signal CY is at the low level, selects the
output signal CN2 of the down counter 34 when, con-
versely, the carry signal CY is at the high level, and out-
puts the selected signal as an output signal SL1, the car-
ry signal being the most significant bit of the 5-bit sum
data CDLA output by the adder 40, an OR gate ORa
which ORs the above-described reset signal CST and
the output signal SL1 of the selector 42 and outputs a
signal representing the logical OR as a set signal for the
down counter 34, adelay line 44 which delays the output
signal SL1 of the selector 34 by a time T1 required for
a pulse signal to make a half round through the ring os-
cillator 2 and outputs a delayed signal DL1, a selector
46 which selects the output signal SL1 of the selector
42 when the signal MSB output by the adder 40 is at the
low level, selects the output the delayed signal DL1 from
the delay line 44 when, conversely, the signal MSB is at
the high level, and output the selected signal as an out-
put signal SL2, a D flip-flop DFFa having a clear terminal
which latches the output signal SL2 of the selector 46
at the timing of the rise of the select signal PSO output
by the pulse selector 32 and outputs a latch signal
QOUT, a delay line 48 which delays the latch signal
QOUT from the D flip-flop DFFa by a predetermined
time T2 and outputs a delayed signal DL2, and an AND
gate ANDa which ANDs the delayed signal DL2 output
by the delay line 48 and the latch signal QOUT from the
D flip-flop DFFa and outputs a signal representing the
logical AND as a clear signal for the D flip-flop DFFa,
and an amplifier 50 which amplifies the latch signal
QOUT from the D flip-flop DFFa and output it as the
pulse signal POUT.

[0068] The output signals from the output terminals
QOthrough Q15 provided at the ring oscillator 2 are input
to the pulse selector 32 and, from among those signals,
the pulse selector 32 selects and outputs the signal
which is assigned a number corresponding to the select
data CDLN which is the four low order bits of the sum
data CDLA (5 bits) generated by the adder 40. For ex-
ample, the pulse selector 32 outputs the output signal
of the output terminal Q1 as the select signal PSO if the
select data CDLN is "0001" representing a value of 1
and outputs the output signal of the output terminal Q15
as the select signal PSO if the select data CDLN is
"1111" representing a value of 15.

[0069] The down counter 34 is a known counter hav-
ing a set terminal SET to which the set signal from the
OR gate ORa is input. If the signal from the output ter-
minal Q7 of the ring oscillator 2 (hereinafter referred to
as a clock signal CLK) rises when this set signal is at
the high level, ten high order bits of the control data CD
are preset as the count data CDH. On the other hand,
when the set signal is at the low level, the count value
DCD is decremented by one each time the clock signal
CLK from the ring oscillator 2 rises to render the level of
the output signal CN1 high when the count value DCD
is 1 and to render the level of the output signal CN2 high
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when the count value DCD is O.

[0070] The operation of the digitally controlled oscil-
lation circuit 8 having the above-described configuration
will now be described.

[0071] First, ten high order bits of the control data CD
are preset in the down counter 34 as the count data CDH
at the timing of a rise of the clock by keeping the reset
signal CST at the high level for a predetermined period
of time, and this oscillation circuit 8 is initialized by re-
setting the latch circuits 36 and 38 to clear the internal
data.

[0072] In this initialized state, since the latch circuits
36 and 38 are reset, all of the 4-bit data output by the
latch circuits 36 and 38 become zero and all of the 5-bit
sum data CDLA output by the adder 40 also become
zero. Therefore, in this initialized state, "0000" repre-
senting a value of 0 is input to the pulse selector 32 as
the select data CDLN, and the pulse selector 32 outputs
the output signal of the output terminal of the ring oscil-
lator 2 as the select signal PSO. Further, in this initial-
ized state, ten high order bits of the control data CD are
preset as the count data CDH at the timing of a rise of
the clock signal CLK from the ring oscillator 2.

[0073] Thereafter, when the reset signal CST be-
comes the low level, the down counter 34 starts a count-
ing operation to sequentially counts down the preset
count data CDH each time the clock signal CLK from
the ring oscillator 2 rises. However, since all the 5-bit
sum data CDLA output by the adder 40 are zero at this
time, a low level signal is input to each of the selectors
42 and 46. Then, the selector 42 selects the output sig-
nal CN1 of the down counter 34 and outputs the output
signal SL1 while the selector 46 selects the output signal
SL1 of the selector 42 and outputs the output signal SL2.
[0074] As a result, immediately after the reset signal
CST is switched from the high level to the low level (i.
e., immediately after the activation), the input terminals
D of the D flip-flops DFFa become the high level when
the count value DCD in the down counter 34 is 1 as seen
in the period (A) shown in FIG. 8. When the output of
the output terminal QO of the ring oscillator 2 becomes
the high level in such a state to cause the select signal
PSO to be output from the pulse selector 32, the first
pulse signal POUT is output from the oscillation circuit 8.
[0075] After outputting a latch signal QOUT (high lev-
el), the D flip-flop DFFa is cleared through the AND gate
ANDa when a delayed signal DL2 from the delay line 48
delaying the latch signal QOUT by the predetermined
time T2 has become the high level. Therefore, the laich
signal QOUT and hence the pulse width of the pulse sig-
nal POUT match the delay time T2 of the delay line 48,
and the oscillation circuit 8 outputs a pulse signal POUT
having a predetermined pulse width.

[0076] When the first pulse signal POUT is output af-
ter the activation of the oscillation circuit 8 as described
above, the latch circuit 36 latches the four low order bits
of the control data CD as reference select data CDL and
the latch circuit 38 latches the select data CDLN which
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is currently being input to the pulse selector 32 as old
select data CDLB at the timing of the rise of this pulse
signal POUT. As a result, the sum data CDLA output by
the adder 40 is updated to a value obtained by adding
four low order bits of the control data CD (reference se-
lect data CDL) and four low order bits of the current sum
data CDLA (old select data CDLB whose value is O in
this case). At this time, since the carry signal CY of the
sum data CDLA output by the adder 40 is O, the selector
32 continues to select the output signal CN1 of the down
counter 34.

[0077] On the other hand, since the output signal SL1
of the selector 42 is input to the set terminal SET of the
down counter 34, when the clock signal CLK from the
ring oscillator 2 rises after the output signal SL1 of the
selector 42 becomes the high level, ten high order bits
of the control data CD are set gain as the count data
CDH and the counting operation is resumed at the tim-
ing of the next rise of the clock signal CLK.

[0078] The down counter 34 resumes the counting
operation as described above. When the count value
DCD becomes 1 and the output signal CN1 becomes
the high level, the output signal SL1 of the selector 42
and the output signal SL2 of the selector 46 sequentially
become the high level as seen in the period (B) shown
in FIG. 8.

[0079] At this time, the pulse selector 32 selects the
output signal of the ring oscillator 2 in accordance with
four low order bits of the sum data CDLA output by the
adder 40 (i.e., the select data CDLN). For example, it
selects the output signal of the output terminal Q1 of the
ring oscillator 2 as seen in the period (B) shown in FIG.
8 if four low order bits of the control data CD latched by
the latch circuit 36 as the reference select data CDL is
"0001" which indicates a value of 1 and the sum data
CDLA output by the adder 40 has become "0001".
[0080] In this case, therefore, when the output signal
of the output terminal Q1 rises after the output signal
SL2 of the selector 46 becomes the high level, the output
signal QOUT of the D flip-flop DFFa becomes the high
level and a second pulse signal POUT is output by the
oscillation circuit 8.

[0081] When the second pulse signal POUT is output
by the oscillation circuit 8 as described above, the latch
circuit 38 latches again the select data CDLN which is
currently being input to the pulse selector 32 as old se-
lect data CDLB while the latch circuit 36 latches again
four low order bits of the control data CD as reference
select data CDL. Therefore, if the four low order bits of
the control data CD are still "0001", the sum data CDLA
output by the adder 40 is updated to "00010". Thereaf-
ter, each time a pulse signal POUT is output, the sum
data CDLA is added with four low order bits of the control
data CD (reference select data CDL) latched by the latch
circuit 36 to be updated.

[0082] For example, when sum data CDLA "01111" is
output by the adder 40 as a result of the repetition of the
above-described operation and the MSB which the
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fourth low order bit thereof becomes the high level, the
pulse selector 32 selects the output signal of the output
terminal Q15 of the ring oscillator 2 and the selector 46
selects a delayed signal DL1 from the delay line 44
which delays the output signal SL1 of the selector 42 by
the time T1 required for a pulse signal to make a half
round through the ring oscillator 2.

[0083] In this case, therefore, when the count value
DCD in the down counter 34 becomes 1 and the output
signal CN1 thereof becomes the high level, the output
signal SL1 of the selector 42 becomes the high level
and, after the time T1 elapses, the output signal SL2 of
the selector 46 becomes the high level. When the output
signal of the output terminal Q15 of the ring oscillator 2
rises thereafter, the output signal QOUT of the D flip-
flop DFFa becomes the high level, and the next pulse
signal POUT is output from the oscillation circuit 8.
[0084] The reason is that when the pulse selector 32
selects the output signal of any one of the output termi-
nals Q8 through Q15, the D flip-flop DFFa latches the
data immediately after the input data becomes the high
level, which results in a possibility that the output signal
QOUT from the D flip-flop DFFa becomes uncertain.
[0085] In summary, in the present embodiment, the
output signal SL1 of the selector 42 is input to the D flip-
flop DFFa as it is when the pulse selector 32 selects the
output signal of any one of the output terminals QO
through Q7 while the output signal SL1 of the selector
42 is delayed by the time T1 required for a pulse signal
to make a half round through the ring oscillator 2 before
it is input to the D flip-flop DFFa when the pulse selector
32 selects the output signal of any one of the output ter-
minals Q8 through Q15. This makes it possible to al-
ways keep the time required for the D flip-flop DFFa to
latch data input thereto after the data becomes the high
level equal to or longer than the time required for a pulse
signal to make a half round through the ring oscillator 2.
[0086] Next, the selector 42 selects the output signal
CN2 which becomes the high level when the count value
DCD in the down counter 34 is 0 when the carry signal
CY of the sum data CDLA output by the adder 40 be-
comes the high level. In this case, therefore, a pulse sig-
nal POUT is output at the rise of a select signal PSO
output by the pulse selector 32 after the number of the
circulations of a pulse signal in the ring oscillator 2
reaches the number obtained by adding 1 to ten high
order bits of the control data CD.

[0087] The reason is that the oscillation cycle will be
shortened by the time required for a pulse signal to make
one round through the ring oscillator 2 if the output ter-
minal of the ring oscillator 2 at which the current pulse
signal is obtained is at a stage preceding the output ter-
minal at which the previous pulse signal was obtained,
i.e., when the value of the select data CDLN input to the
pulse selector 32 is smaller than the previous value be-
cause the down counter 34 counts down in a constant
cycle (32¢Td) in accordance with the clock signal CLK
output by the output terminal Q7 of the ring oscillator 2.
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[0088] As described above, in the digitally controlled
oscillation circuit 8 according to the present embodi-
ment, the number of the circulations of a pulse signal in
the ring oscillator 2 is counted using the count data CDH
which is ten high order bits of the control data CD output
by the arithmetic circuit 6; an output signal from the ring
oscillator 2 is selected using four low order bits of the
5-bit sum data CDLA (select data CDLN) which is ob-
tained by sequentially adding the reference select data
CDL which is four low order bits of the control data CD;
and a pulse signal POUT is always repeatedly output in
a constant cycle ( = CDH X 32¢Td + CDL X 2¢Td) which
is determined by the control data C and the inversion
time Td of the inverting circuits in the ring oscillator 2 by
adding or subtracting the carry signal CY of the sum data
CDLA to or from the count value of the number of circu-
lations of the pulse signal. This allows a pulse signal
circulating operation of a ring oscillator to be continu-
ously performed without the need for resetting the ring
oscillator each time a pulse signal POUT is output as in
conventional digitally controlled oscillation circuits.
[0089] As described above in detail, the frequency
converter according to the present embodiment has a
pulse phase difference encoding circuit 4 capable of re-
peatedly encoding the cycle of a reference signal PB
input from the outside into a binary digital value DOUT
based on output signals sequentially output by output
terminals QO through Q15 of the ring oscillator 2 and a
digitally controlled oscillation circuit 8 capable of repeat-
edly outputting a pulse signal POUT having a predeter-
mined pulse width in a cycle in accordance with control
data CD input from the outside based on output signals
sequentially output by the output terminals QO through
Q15 of the ring oscillator 2, the ring oscillator 2 being
shared between the pulse phase difference encoding
circuit 4 and the digitally controlled oscillation circuit 8.
[0090] As a result, the time resolution of the binary
digital value DOUT obtained by the pulse phase differ-
ence encoding circuit 4 and the pulse signal POUT out-
put by the digitally controlled oscillation circuit 8 be-
comes a constant time delay (2¢Td) determined by the
inversion time Td of inverting circuits between the output
terminals QO through Q15 of the ring oscillator 2. For
example, if the binary digital value DOUT obtained by
the pulse phase difference encoding circuit 4 is input as
it is to the digitally controlled oscillation circuit 8 as the
control data CD, the pulse signal POUT can be output
from the digitally controlled oscillation circuit 8 in com-
pletely the same cycle as that of the reference signal PB
which is encoded by the pulse phase difference encod-
ing circuit 4 into the binary digital value DOUT.

[0091] Therefore, by operating the arithmetic circuit 6
as a multiplier circuit for multiplying the binary digital val-
ue DOUT obtained by the pulse phase difference en-
coding circuit 4 by a predetermined value, this device
can be used as an extremely accurate frequency divider.
Conversely, if it is operated as a dividing circuit for di-
viding the binary digital value DOUT obtained by the
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pulse phase difference encoding circuit 4 by a predeter-
mined value, this device can be used as an extremely
accurate frequency multiplier.

[0092] The configuration of the device can be simpli-
fied to achieve a compact size because the single os-
cillator 2 is shared between the circuits 4 and 8 without
the need for providing the pulse phase difference en-
coding circuit 4 and the digitally controlled oscillation cir-
cuit 8 with delay circuits to be exclusively used by them
as in the prior art.

[0093] Although the present embodiment has been
described with reference to a frequency converter which
generates a pulse signal POUT obtained by dividing or
multiplying a reference signal PB using the pulse phase
difference encoding circuit 4 and the digitally controlled
oscillation circuit 8, the present invention can be applied
to any device which concurrently uses a plurality of
pulse phase difference encoding circuits and digitally
controlled oscillation circuits such as PLLs utilizing the
pulse phase difference encoding circuit and digitally
controlled oscillation circuit as disclosed in Japanese
unexamined patent publication No. JP-A-5-102801, fre-
quency measuring devices for measuring a signal to be
measured PX using two pulse phase difference encod-
ing circuits as shown in FIG. 9, oscillators for generating
a pulse signal PO having a predetermined duty ratio in
a predetermined cycle in accordance with input data us-
ing two digitally controlled oscillation circuits as shown
in FIG. 10(a).

[0094] In the frequency measuring device shown in
FIG. 9, areference signal PB having a known frequency
is input to a pulse phase difference encoding circuit 54
to encode the cycle thereof, a signal to be measured PX
whose frequency is unknown is input to a pulse phase
difference encoding circuit 56 to encode the cycle there-
of, and binary digital values D1 and D2 obtained by the
pulse phase difference encoding circuits 54 and 56 are
input to a divider circuit 58 to obtain the ratio of the cycle
(D2) of the signal to be measured PX to the cycle (D1)
of the reference signal PB ( DO=D2/D1) to thereby
measure the cycle, i.e., frequency, of the signal to be
measured PX. The pulse phase difference encoding cir-
cuits 54 and 56 have the same configuration as that of
the pulse phase difference encoding circuit 4 in the
above-described embodiment and share a ring oscilla-
tor 52 having the same configuration as that of the ring
oscillator 2 in the above-described embodiment. There-
fore, the pulse phase difference encoding circuits 54
and 56 have completely the same time resolution and
are capable of measuring the cycle (frequency) of the
signal to be measured PX with high accuracy.

[0095] Further, the oscillation device shown in FIG. 10
(a) comprises a ring oscillator 62 having the same con-
figuration as that of the ring oscillator 2 in the above-
described embodiment, two digitally controlled oscilla-
tion circuits 64 and 66 which have the same configura-
tion as that of the digitally controlled oscillation circuit 8
in the above-described embodiment and which share
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the ring oscillator 62 in operation, and an RS flip-flop 68
having a set terminal S to which a pulse signal P1 from
the digitally controlled oscillation circuit 64 is input and
a reset terminal R to which a pulse signal P2 from the
other digitally controlled oscillation circuit 66.

[0096] This oscillation device is used in accordance a
procedure wherein arbitrary digital data for activation is
input to the digitally controlled oscillation circuits 64 and
66 as control data Da and Db, respectively, with a reset
signal CST input concurrently to activate the digitally
controlled oscillation circuits 64 and 66 concurrently;
thereafter, the control data Da representing the cycle
(frequency) of the pulse signal PO to be output by the
RS flip-flop 68 is input to the digitally controlled oscilla-
tion circuit 64; the control data Db obtained by multiply-
ing the control data Da by K (K is any value between 1
and 2) is input to the digitally controlled oscillation circuit
66 during the period until the first pulse signal P1 is out-
put; and, after the first pulse signal P1 is output, the con-
trol data Db which is identical to the control data Da is
input to the circuit 66.

[0097] When the device is used in such a way, as
shown in FIG. 10(b), the digitally controlled oscillation
circuit 64 sequentially outputs the pulse signal P1 in a
constant cycle in accordance with the control data Da
after being activated; the other digitally controlled oscil-
lator 66 sequentially outputs the pulse signal P2 which
has the same cycle as that of the pulse signal P1 and
whose phase is shifted from the cycle by (K-1); and the
RS flip-flop 68 outputs the pulse signal PO having a duty
ratio corresponding to the deviation between the phases
of the pulse signal P1 and the pulse signal P2 (the duty
ratio is 50 % if K is 1.5). Therefore, the oscillation device
shown in FIG. 10(a) can output a pulse signal PO having
a predetermined duty ratio in a predetermined cycle de-
pending on the values of the first control data Da and
Db which are input after activation.

[0098] In this oscillation device, since the digitally
controlled oscillation circuits 64 and 66 gain share the
ring oscillator 62, they have completely the same time
resolution, making it possible to accurately control the
cycle and duty ratio of the pulse signal PO output by the
RS flip-flop 68.

Claims

1. Afrequency converter for converting an input pulse
signal (PB) having a certain frequency to an output
pulse signal (POUT) having another frequency
comprising:

a delay circuit (2) which is constituted by a plu-
rality of interconnected delay elements
(NAND1, NAND32, INV2 through INV31), to
which a control signal (PA) is input and which
sequentially outputs a plurality of delayed sig-
nals (QO0 through Q14) obtained by delaying
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said input signal by a delay period determined
by the numbers of said delay elements;

a first pulse output circuit (4) which is constitut-
ed by a digital data encoding circuit to which
said input pulse signal (PB) is input, which out-
puts first position data representing the con-
necting position of said delay element of said
delay circuit which issues said delayed signal
when a pulse in said input pulse signal (PB) is
input at a certain point in time and the connect-
ing point of the delay element which issues said
delayed signal when a pulse in said input pulse
signal (PB) is input at another point in time, and
which generates first digital data (Dout) indicat-
ing a time differential between the two pulses
in said input pulse signal (PB) by the difference
between said two connecting positions in said
first position data; and

a second pulse output circuit (8) to which is in-
put a seconddigital data (Din) derived from said
first digital data (Dout), which selects the output
of one of the delay elements corresponding to
said second digital data (Din) and which se-
quentially outputs the output pulse signal
(POUT) when the selected delay element out-
putissues said delayed signal to output the out-
put pulse signal (POUT) at a period corre-
sponding to said second digital data (Din),
wherein said first and second pulse output cir-
cuits (4, 8) share said delay circuit (2) in gen-
erating said respective pulses.

2. Afrequency converter according to claim 1, where-
in:

a) said digital'data encoding circuit (4) compris-
es a connecting position data generation circuit
(12, 14, 16, 18, 20, 22) which detects the latest
delayed signal output by said delay circuit (2)
when the pulse at said certain point in time in
said input pulse signal (PB) is input, generates
first connecting position data representing the
connecting position of the delay element which
issues said latest delayed signal in response to
the input of the pulse at said certain point in
time, detects the latest delayed signal output
by said delay circuit (2) when the pulse at said
other point in time in said input pulse signal
(PB) is input and generates second connecting
position data representing the connecting posi-
tion of the delay element which issues said lat-
est delayed signal in response to the input of
the pulse at said other point in time, and

an arithmetic circuit (24, 26, 28) which cal-
culates the positional difference between
said first connecting position data and said
second connecting position data generat-
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ed by said connecting position data gener-
ation circuit and outputs said calculated po-
sitional difference as said first digital data
representing said time differential;

wherein said second digital data (Din) is
said first digital data (Dout) output by said
arithmetic circuit (24,28) in said first digital
data encoding circuit (4), either multiplied
by a predetermined value, or divided by a
predetermined value; and wherein

b) said second pulse output circuit (8) compris-
es a digitally controlled pulse generation circuit
(8) to which said second digital data (Din) is in-
put and which outputs said output pulse signal
(POUT) at a period corresponding to said sec-
ond digital data (Din), said digitally controlled
pulse generation circuit comprising

a signal selection circuit (32, 36, 38, 40, 46)
which derives second position data
(CDLN) from said second digital data (Din)
and selects a delayed signal output by the
delay element (44) corresponding to said
second position data, and

a pulse signal output circuit (DFFa, 50)
which sequentially outputs said output
pulse signal (POUT) when said delayed
signal is issued by said selected delay el-
ement.

The frequency converter according to claim 1 or 2,
wherein said delay circuit (2) is constituted by a
pulse circulating circuit which includes a first delay
element (NAND, INV2) connected in the first posi-
tion and a last delay element (INV31, NAND32)
connected in the last position, in which said last de-
lay element is connected to said first delay element
and which circulates said control signal (PA)
through said plurality of interconnected delay ele-
ments; the output of said delayed signals is started
in response to the input of an input signal at any
connecting point of said delay elements; and said
plurality of delayed signals are the result of delaying
said control signal (PA) by delay periods determined
by the numbers of said delay elements intercon-
nected.

The frequency converter according to claim 3 as de-
pendent on claim 2, wherein said connecting posi-
tion data generation circuit comprises a first count-
ing circuit (14) which counts the number of the cir-
culations of said control signal (PA) within said
pulse circulating circuit (2) and outputs a first count
value and a data combining circuit (22) which com-
bines said first count value with the first and second
connecting position data generated by said con-
necting position data generation circuit in said dig-
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ital data encoding circuit (4) and outputs the first and
second connecting position data after such combi-
nation and wherein first and second connecting po-
sition data after said combination are input to said
arithmetic circuit (24, 26, 28).

The frequency divider according to claim 2, wherein
said signal selection circuit (32, 36, 38, 40, 46) in
said digitally controlled pulse generation circuit (8)
comprises a second counting circuit (34) which
counts the number of the circulations of said pulse
signal within said pulse circulating circuit (2) and
outputs a detection signal indicating when said
count value reaches a value corresponding to the
count value of the circulations to be made in said
second digital data (Din) and a counting control cir-
cuit (DRa) which initializes the count value in said
second counting circuit to resume the counting op-
eration when said detection signal is output by said
second counting circuit.

The frequency divider according to claim 2, wherein
said signal selection circuit in said digitally control-
led pulse generation circuit comprises a position da-
ta output portion to which said second digital data
(Din) is input, initially outputs said second digital da-
ta (Din) as said second position data, updates the
previously output second position data (CDLB) by
adding the currently input second digital data there-
to and outputs the result as updated second posi-
tion data (CDLA), and a delayed signal selecting
portion (32) which selects the second delayed sig-
nal output by the delay element at the connecting
position corresponding to said second position data
from among the delayed signals sequentially output
by said delay circuit.

Frequency measurement circuit for measuring a
frequency of a pulse signal (PX) comprising:

adelay circuit (52) which is constituted by a plu-
rality of interconnected delay elements, to
which an input signal (PA) is input and which
sequentially outputs, from a plurality of con-
necting points of said delay elements, a plural-
ity of delayed signals obtained by delaying said
input signal by a delay period determined by the
numbers of said delay elements;

a first pulse output circuit (54) which is consti-
tuted by a first digital data encoding circuit to
which a reference signal (PB) is input, which
outputs first position data representing the con-
necting position of said delay element of said
delay circuit which issues said delayed signal
when a pulse in said reference signal (PB) is
input at a certain point in time and representing
the connecting point of the delay element which
issues said delayed signal when a pulse in said
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reference signal (PB) is input at another point
in time, and which generates first digital data
(D1) indicating a time differential between the
two pulses in said first pulse train by the differ-
ence between said two connecting positions in
said first position data; and

a second pulse output circuit (56) which is con-
stituted by a second digital data encoding cir-
cuit to which said pulse signal (PX) is input,
which outputs second position data represent-
ing the connecting position of said delay ele-
ment of said delay circuit which issues said de-
layed signal when a pulse in said pulse signal
(PX) is input at a certain point in time and rep-
resenting the connecting point of the delay el-
ement which issues said delayed signal when
a pulse in said pulse signal (PX) is input at an-
other point in time, and which generates sec-
ond digital data (D2) indicating a time differen-
tial between the two pulses in said pulse signal
(PX) by the difference between said two con-
necting positions in said second position data;
and

an output dividing circuit (58) which outputs a
digital data (DO) indicating a frequency of the
pulse signal (PX) by calculating the ratio be-
tween the first and second digital data (D1, D2),
wherein said first and second pulse output cir-
cuits (54, 56) share said delay circuit (52) ,in
generating said respective pulses.

8. A frequency measurement circuit according to

claim 7, wherein:

a) said first digital data encoding circuit (54)
comprises,

a first connecting position data generation
circuit which detects the latest delayed sig-
nal output by said delay circuit (52) when
the pulse at said certain point in time in said
reference signal (PB) is input, generates
first connecting position data representing
the connecting position of the delay ele-
ment which issues said latest delayed sig-
nal in response to the input of the pulse at
said certain point in time, detects the latest
delayed signal output by said delay circuit
(52) when the pulse at said another point
in time in said reference signal (PB) is input
and generates second connecting position
data representing the connecting position
of the delay element which issues said lat-
est delayed signal in response to the input
of the pulse at said other point in time, and
a first arithmetic circuit (24, 26, 28) which
calculates the positional difference be-
tween said first connecting position data
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and said second connecting position data
generated by said first connecting position
data generation circuit and outputs said
calculated positional difference as said first
digital data representing said time differen-
tial;

b) said second digital data encoding circuit (56)
comprises a second connecting position data
generation circuit which detects the latest de-
layed signal output by said delay circuit when
the pulse at said certain point in time in said
pulse signal (PX) is input, generates third con-
necting position data representing the connect-
ing position of the delay element which issues
said latest delayed signal in response to the in-
put of the pulse at said certain point in time, de-
tects the latest delayed signal output by said
delay circuit when the pulse at said other point
in time in said pulse signal (PX) is input and
generates fourth connecting position data rep-
resenting the connecting position of the delay
element which issues said latest delayed signal
in response to the input of the pulse at said oth-
er point in time, and

a second arithmetic circuit (24, 26, 28) which
calculates the positional difference between
said third connecting position data and said
fourth connecting position data generated by
said second connecting position data genera-
tion circuit and outputs said calculated position-
al difference as said second digital data repre-
senting said time differential.

The frequency measurement circuit according to
claim 7, wherein said delay circuit (52) is constituted
by a pulse circulating circuit which includes a first
delay element connected in the first position and a
last delay element connected in the last position, in
which said last delay element is connected to said
first delay element and which circulates said input
signal through said plurality of interconnected delay
elements; the output of said delayed signals is start-
ed in response to the input of said input signal (PA)
at any connecting point of said delay elements; and
said plurality of delayed signals are the result of de-
laying said input signal by delay periods determined
by the numbers of said delay elements intercon-
nected.

The frequency measurement circuit according to
claim 9, wherein:

said first connecting position data generation
circuit (54) comprises a first counting circuit
which counts the number of the circulations of
said input signal (PA) within said pulse circulat-
ing circuit (52) and outputs a first count value
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and a first data combining circuit which com-
bines said first count value with the first and
second connecting position data generated by
said first connecting position data generation
circuit in said first digital data encoding circuit
and outputs the results;

said second connecting position data genera-
tion circuit (56) comprises a second counting
circuit which counts the number of the circula-
tions of said input signal (PA) within said pulse
circulating circuit (52) and outputs a second
count value and a second data combining cir-
cuit which combines said second count value
with the third and fourth connecting position da-
ta generated by said second connecting posi-
tion data generation circuit in said second dig-
ital data encoding circuit and outputs the re-
sults; and

said combined data is output as said third and
fourth connecting position data input to said
second arithmetic circuit.

11. Apulse generator for generating output pulses hav-

ing a predetermined duty ratio comprising:

adelay circuit (62) which is constituted by a plu-
rality of interconnected delay elements, to
which an input signal (PA) is input and which
sequentially outputs from a plurality of connect-
ing points of said delay elements a plurality of
delayed signals obtained by delaying said input
signal by a delay period determined by the
numbers of said delay elements;

a first pulse output circuit (64) to which a first
digital data (Da) is input, which selects an out-
put of one of the delay elements corresponding
to said first digital data (Da) and which sequen-
tially outputs a first pulse (P1) when the select-
ed delay element output issues said delayed
signal to output the first pulse (P1) at a period
corresponding to said first digital data;

a second pulse output circuit (66) to which a
second digital data (Db) is input, which selects
an output of one of the delay elements corre-
sponding to said second digital data and which
sequentially outputs a second pulse (P2) when
the selected delay elements output issues said
delayed signal to output the second pulse (P2)
at a period corresponding to said second digital
data; and

an output circuit (68) constituted by an RS flip-
flop which outputs output pulses (PO) from the
first and second pulses (P1, P2) applied to a
respective set and reset terminal, wherein said
first and second pulse output circuits (64, 66)
share said delay circuit (62) in generating said
first and second pulses.
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12.

13.

14.

30
A pulse generator according to claim 11, wherein:

a) said first pulse output circuit (64) comprises
a first digitally controlled pulse generation cir-
cuit, to which said first digital data (Da) is input
and which outputs said pulse (P1) at an interval
corresponding to said first digital data (Da),
said digitally controlled pulse generation circuit
comprising

a first signal selection circuit which derives
afirst position data from said first digital da-
ta (Da) and selects a delayed signal output
by the delay element corresponding to said
first position data,

a first digital data output circuit which se-
quentially outputs said first pulse when
said delayed signal is issued by said se-
lected delay element; and

b) said second pulse output circuit (66) com-
prises a second digitally controlled pulse gen-
eration circuit, to which said second digital data
(Db) is input and which outputs a pulse at an
interval corresponding to said second digital
data (Db), said digitally controlled pulse gener-
ation circuit, comprising

a second signal selection circuit which de-
rives a second position data from said sec-
ond digital data (Db) and selects a delayed
signal output by the delay element corre-
sponding to said second position data,

a second digital data output circuit which
sequentially outputs said second pulse
when said delayed signal is issued by said
selected delay element.

The pulse generator according to claim 11 or 12,
wherein said delay circuit (62) is constituted by a
pulse circulating circuit which includes a first delay
element connected in the first position and a last
delay element connected in the last position, in
which said last delay element is connected to said
first delay element and which circulates said input
signal (PA) through said plurality of interconnected
delay elements; the output of said delayed signals
is started in response to the input of an input signal
at any connecting point of said delay elements; and
said plurality of delayed signals are the result of de-
laying said input signal (PA) by delay periods deter-
mined by the numbers of said delay elements inter-
connected.

The pulse generator according to claim 13 as de-
pendent on claim 12, wherein:

said first signal selection circuit in said first dig-
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itally controlled pulse generation circuit (64)
comprises a first counting circuit which counts
the number of the circulations of said input sig-
nal (PA) within said pulse circulating circuit and
outputs a detection signal indicating when said
count value reaches a value corresponding to
the count value of the circulations to be made
in said first digital data and a first counting con-
trol circuit which initializes the count value in
saidfirst counting circuit to resume the counting
operation when said detection signal is output
by said first counting circuit; and

said second signal selection circuit in said sec-
ond digitally controlled pulse generation circuit
(66) comprises a second counting circuit which
counts the number of the circulations of said in-
put signal (PA) within said pulse circulating cir-
cuit and outputs a detection signal indicating
when said count value reaches a value corre-
sponding to the count value of the circulations
to be made in said second digital data and a
second counting control circuit which initializes
the count value in said second counting circuit
toresume the counting operation when said de-
tection signal is output by said second counting
circuit.

15. The pulse generator according to claim 12 wherein:

said first signal selection circuit comprises a
first position data output portion, to which said
first digital data (Da) is input, initially outputs
said first digital data as said first position data,
updates the previously output first position data
by adding the currently input first digital data
thereto and outputs the result as updated first
position data and a first delayed signal select-
ing portion which selects the first delayed signal
output by the delay element at the connection
position corresponding to said first position da-
ta from among the delayed signals sequentially
output by said delay circuit (62); and

said second signal selection circuit comprises
a second position data output portion, to which
said second digital data (Db) is input, initially
outputs said second digital data as said second
position data, updates the previously output
second position data by adding the currently in-
put second digital data thereto and outputs the
result as updated second position data and a
second delayed signal selecting portion which
selects the second delayed signal output by the
delay element at the connecting position corre-
sponding to said second position data (Db)from
among the delayed signals sequentially output
by said delay circuit (62).
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Patentanspriiche

1. Frequenzwandler zum Wandeln eines Eingangs-
pulssignals (PB) mit einer bestimmten Frequenz in
ein Ausgangspulssignal (POUT) mit einer anderen
Frequenz, der aufweist:

eine Verzdgerungsschaltung (2), welche aus
einer Vielzahl von miteinander verbundenen
Verzégerungselementen (NAND1, NAND32,
INV2 bis INV31) aufgebaut ist, in welche ein
Steuersignal (PA) eingegeben wird und welche
eine Vielzahl von verzdgerten Signalen (Q0 bis
Q14) sequentiell ausgibt, die durch Verzégern
des Eingangssignals um eine durch die Anzahl
der Verzdgerungselemente bestimmte Verzé-
gerungsperiode erhalten wird,;

eine erste Pulsausgabeschaltung (4), welche
aus einer Digitaldaten-Kodierschaltung aufge-
bautist, in welche das Eingangspulssignal (PB)
eingegeben wird, welche erste Positionsdaten
ausgibt, welche die Verbindungsposition des
Verzégerungselements der Verzégerungs-
schaltung, welche das verzdgerte Signal aus-
gibt, wenn ein Puls in dem Eingangspulssignal
(PB) zu einem bestimmten Zeitpunkt eingege-
ben wird, und den Verbindungspunkt des Ver-
zbgerungselements, welches das verzdgerte
Signal ausgibt, wenn ein Puls in dem Eingangs-
pulssignal (PB) zu einem anderen Zeitpunkt
eingegeben wird, darstellen und welche erste
Digitaldaten (Dout) erzeugt, die eine Zeitdiffe-
renz zwischen den zwei Pulsen in dem Ein-
gangspulssignal (PB) durch die Differenz zwi-
schen den zwei Verbindungspositionen in den
ersten Positionsdaten anzeigen; und

eine zweite Pulsausgabeschaltung (8), in wel-
che zweite Digitaldaten (Din) eingegeben wer-
den, die aus den ersten Digitaldaten (Dout) ab-
geleitet sind, welche den Ausgang von einem
der Verzégerungselemente auswahlt, der den
zweiten Digitaldaten (Din) entspricht, und wel-
che das Ausgangspulssignal (POUT) sequen-
tiell ausgibt, wenn der ausgewdahlte Verzdge-
rungselementausgang das verzogerte Signal
ausgibt, um das Ausgangspulssignal (POUT)
zu einer bestimmten Periode auszugeben, die
den zweiten Digitaldaten (Din) entspricht,
wobei sich die ersten und zweiten Pulsausga-
beschaltungen (4, 8) die Verzdégerungsschal-
tung (2) beim Erzeugen der jeweiligen Pulse
teilen.

2. Frequenzwandler nach Anspruch 1, bei welchem:
(a) die Digitaldaten-Kodierschaltung (4) eine

Verbindungspositionsdaten-Erzeugungsschal-
tung (12, 14, 16, 18, 20, 22), welche das neue-
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ste verzdgerte Signale erfat, das von der Ver-
zbégerungsschaltung (2) ausgegeben wird,
wenn der Puls zu dem bestimmten Zeitpunkt in
dem Eingangspulssignal (PB) eingegeben
wird, erste Verbindungspositionsdaten er;
zeugt, welche die Verbindungsposition des
Verzégerungselements darstellen, welches
das neueste verzdgerte Signal als Reaktion auf
das Eingeben des Pulses zu dem bestimmten
Zeitpunkt ausgibt, das neueste verzdgerte Si-
gnal erfaBt, welches von der Verzbégerungs-
schaltung (2) ausgegeben wird, wenn der Puls
zu dem anderen Zeitpunkt in dem Eingangs-
pulssignal (PB) eingegeben wird, und zweite
Verbindungspositionsdaten erzeugt, welche
die Verbindungsposition des Verzégerungsele-
ments darstellen, welches das neueste verzo-
gerte Signal als Reaktion auf die Eingabe des
Pulses zu dem anderen Zeitpunkt ausgibt, und

eine Arithmetikschaltung (24, 26, 28) auf-
weist, welche die Positionsdifferenz zwi-
schen den ersten Verbindungspositions-
daten und den zweiten Verbindungspositi-
onsdaten berechnet, die von der Verbin-
dungspositionsdaten-Erzeugungsschal-
tung erzeugt werden, und die berechnete
Positionsdifferenz als erste Digitaldaten
ausgibt, welche die Zeitdifferenz darstel-
len;
wobei die zweiten Digitaldaten (Din) die er-
sten Digitaldaten (Dout), die von der Arith-
metikschaltung (24, 28) in der ersten Digi-
taldaten-Kodierschaltung (4) ausgegeben
werden, multipliziert mit einem vorbe-
stimmten Wert oder geteilt durch einen vor-
bestimmten Wert sind; und wobei

(b) die zweite Pulsausgabeschaltung (8) eine
digital gesteuerte Pulserzeugungsschaltung
(8) aufweist, in welche die zweiten Digitaldaten
(Din) eingegeben werden und welche das Aus-
gangspulssignal (POUT) zu einer Periode aus-
gibt, die den zweiten Digitaldaten (Din) ent-
spricht, wobei die digital gesteuerte Pulserzeu-
gungsschaltung

eine Signalauswahlschaltung (32, 36, 38,
40, 46), welche die zweiten Positionsdaten
(CDLN) aus den zweiten Digitaldaten (Din)
ableitet und ein verzdgertes Signal aus-
wahlt, das von dem Verzdgerungselement
(44) ausgegeben wird, das den zweiten
Positionsdaten entspricht, und

eine Pulssignal-Ausgabeschaltung (DFFa,
50), welche das Ausgangspulssignal
(POUT) sequentiell ausgibt, wenn das ver-
zbgerte Signal von dem ausgewahlten Ver-
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zégerungselement ausgegeben wird.

Frequenzwandler nach Anspruch 1 oder 2, bei wel-
chem die Verzdgerungsschaltung (2) aus einer
Pulsumlaufschaltung, welche ein erstes Verzége-
rungselement (NAND, INV2), das in der ersten Po-
sition angeschlossen ist, und ein letztes Verzdge-
rungselement (INV31, NAND32) beinhaltet, das in
der letzten Position angeschlossen ist, bei welcher
das letzte Verzdégerungselement mit dem ersten
Verzégerungselement verbunden ist und welche
das Steuersignal (PA) durch die Vielzahl von mit-
einander verbundenen Verzégerungselementen in
Umlauf hélt; die Ausgabe der verzdgerten Signale
als Reaktion auf das Eingeben eines Eingangssi-
gnals an irgendeinem Verbindungspunkt der Verzé-
gerungselemente gestartet wird, und die Vielzahl
von verzdgerten Signalen das Ergebnis eines Ver-
zbégerns des Steuersignals (PA) um Verzégerungs-
perioden ist, die durch die Anzahl der miteinander
verbundenen Verzégerungselemente bestimmt
werden.

Frequenzwandler nach Anspruch 3 als von An-
spruch 2 abhangiger Anspruch, bei welchem die
Verbindungspositionsdaten-Erzeugungsschaltung
eine erste Zahlschaltung (14), welche die Anzahl
der Umlaufe des Steuersignals (PA) innerhalb der
Pulsumlaufschaltung (2) z&hlt und einen ersten
Zahlwert ausgibt, und eine Datenkombinations-
schaltung (22) aufweist, welche den ersten Zahl-
wert mit den ersten und zweiten Verbindungsposi-
tionsdaten kombiniert, die von der Verbindungspo-
sitionsdaten-Erzeugungsschaltung in der Digitalda-
ten-Kodierschaltung (4) erzeugt werden, unddie er-
sten und zweiten Verbindungspositionsdaten nach
einer derartigen Kombination ausgibt, und bei wel-
chem erste und zweite Verbindungspositionsdaten
nach der Kombination in die Arithmetikschaltung
(24, 26, 28) eingegeben werden.

Frequenzteiler nach Anspruch 2, bei welchem die
Signalauswahlschaltung (32, 36, 38, 40, 46) in der
digital gesteuerten Pulserzeugungsschaltung (8)
eine zweite Zahlschaltung (34), welche die Anzahl
der Uml&ufe des Pulssignals innerhalb der Pulsum-
laufschaltung (2) zahlt und ein Erfassungssignal
ausgibt, welches anzeigt, wenn der Zahlwert einen
Wert erreicht, der dem Zahlwert der zu vollziehen-
den Umlaufe in den zweiten Digitaldaten (Din) ent-
spricht, und eine Z&hlsteuerschaltung (ORa) auf-
weist, welche den Zahlwert in der zweiten Zahl-
schaltung initialisiert, um den Zahlvorgang wieder-
aufzunehmen, wenn das Erfassungssignal von der
zweiten Z&hlschaltung ausgegeben wird.

Frequenzteiler nach Anspruch 2, bei welchem die
Signalauswahlschaltung in der digital gesteuerten
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Pulserzeugungsschaltung einen Positionsdaten-
Ausgabeabschnitt, in welchen die zweiten Digital-
daten (Din) eingegeben werden, der zu Beginn die
zweiten Digitaldaten (Din) als die zweiten Positions-
daten ausgibt, die vorhergehend ausgegebenen
zweiten Positionsdaten (CDLB) durch Hinzufligen
der aktuell eingegebenen zweiten Digitaldaten zu
diesen aktualisiert und das Ergebnis als aktualisier-
te zweite Positionsdaten (CDLA) ausgibt, und einen
Abschnitt (32) zum Auswahlen eines verzégerten
Signals aufweist, welcher das zweite verzdgerte Si-
gnal, das von dem Verzdgerungselement an der
Verbindungsposition ausgegeben wird, die den
zweiten Positionsdaten entspricht, aus den von der
Verzégerungsschaltung sequentiell ausgegebenen
verzégerten Signalen auswahlt.

FrequenzmeBschaltung zum Messen einer Fre-
quenz eines Pulssignals (PX), die aufweist:

eine Verzdégerungsschaltung (52), welche aus
einer Vielzahl von miteinander verbundenen
Verzégerungselementen aufgebaut ist, in wel-
che ein Eingangssignal (PA) eingegeben wird
und welche aus einer Vielzahl von Verbin-
dungspunkten der Verzdgerungselemente eine
Vielzahl von verzégerten Signalen sequentiell
ausgibt, welche durch Verzégern des Ein-
gangssignals um eine durch die Anzahl der
Verzégerungselemente bestimmte Verzdge-
rungsperiode erhalten wird;

eine erste Pulsausgabeschaltung (54), welche
aus einer ersten Digitaldaten-Kodierschaltung
aufgebaut ist, in welche ein Bezugssignal (PB)
eingegeben wird, welche erste Positionsdaten
ausgibt, welche die Verbindungsposition des
Verzégerungselements der Verzégerungs-
schaltung darstellen, welche das verzégerte Si-
gnal ausgibt, wenn ein Puls in dem Bezugssi-
gnal (PB) zu einem bestimmten Zeitpunkt ein-
gegeben wird, und den Verbindungspunkt des
Verzégerungselements darstellen, welches
das verzdgerte Signal ausgibt, wenn ein Puls
in dem Bezugssignal (PB) zu einem anderen
Zeitpunkt eingegeben wird, und welche erste
Digitaldaten (D1) erzeugt, die eine Zeitdifferenz
zwischen den zwei Pulsen in dem ersten Puls-
zug durch die Differenz zwischen den zwei Ver-
bindungspositionen in den ersten Positionsda-
ten anzeigen; und

eine zweite Pulsausgabeschaltung (56), wel-
che aus einer zweiten Digitaldaten-Kodier-
schaltung aufgebaut ist, in welche das Pulssi-
gnal (PX) eingegeben wird, welche zweite Po-
sitionsdaten ausgibt, welche die Verbindungs-
position des Verzdégerungselements der Verzo-
gerungsschaltung darstellen, welche das ver-
zbégerte Signal ausgibt, wenn ein Puls in dem
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Pulssignal (PX) zu einem bestimmten Zeit-
punkt eingegeben wird, und den Verbindungs-
punkt des Verzégerungselements darstellen,
welches das verzdgerte Signal ausgibt, wenn
ein Puls in dem Pulssignal (PX) zu einem an-
deren Zeitpunkt eingegeben wird, und welche
zweite Digitaldaten (D2) erzeugt, welche eine
Zeitdifferenz zwischen den zwei Pulsen in dem
Pulssignal (PX) durch die Differenz zwischen
den zwei Verbindungspositionen in den zwei-
ten Positionsdaten anzeigen; und

eine Ausgangsteilerschaltung (58), welche Di-
gitaldaten (DO) ausgibt, die eine Frequenz des
Pulssignals (PX) durch Berechnen des Verhalt-
nisses zwischen den ersten und den zweiten
Digitaldaten (D1, D2) anzeigen,

wobei sich die ersten und zweiten Pulsausga-
beschaltungen (54, 56) die Verzbgerungs-
schaltung (52) beim Erzeugen der jeweiligen
Pulse teilen.

8. FrequenzmeBschaltung nach Anspruch 7, bei wel-

cher:
a) die erste Digitaldaten-Kodierschaltung (54)

eine erste Verbindungspositionsdaten-Er-
zeugungsschaltung, welche das neueste
verzégerte Signal erfal3t, welches von der
Verzégerungsschaltung (52) ausgegeben
wird, wenn der Puls zu dem bestimmten
Zeitpunkt in dem Bezugssignal (PB) einge-
geben wird, erste Verbindungspositions-
daten erzeugt, welche die Verbindungspo-
sition des Verzégerungselements darstel-
len, welches das neueste verzdgerte Si-
gnal als Reaktion auf das Eingeben des
Pulses zu dem bestimmten Zeitpunkt aus-
gibt, das neueste verzdgerte Signal erfaf3t,
welches von der Verzégerungsschaltung
(52) ausgegeben wird, wenn der Puls zu
dem anderen Zeitpunkt in dem Bezugssi-
gnal (PB) eingegeben wird, und zweite
Verbindungspositionsdaten erzeugt, wel-
che die Verbindungsposition des Verzdge-
rungselements darstellen, welches das
neueste verzdgerte Signal als Reaktion auf
das Eingeben des Pulses zu dem anderen
Zeitpunkt ausgibt, und

eine erste Arithmetikschaltung (24, 26, 28)
aufweist, welche die Positionsdifferenz
zwischen den ersten Verbindungspositi-
onsdaten und den zweiten Verbindungspo-
sitionsdaten berechnet, die von der ersten
Verbindungspositionsdaten-Erzeugungs-
schaltung erzeugt werden, und die berech-
nete Positionsdifferenz als die ersten Digi-
taldaten ausgibt, welche die Zeitdifferenz
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darstellen;

b) die zweite Digitaldaten-Kodierschaltung (56)
eine zweite Verbindungspositionsdaten-Erzeu-
gungsschaltung, welche das neueste verzé-
gerte Signal erfaBt, das von der Verzégerungs-
schaltung ausgegeben wird, wenn der Puls zu
dem bestimmten Zeitpunkt in dem Pulssignal
(PX) eingegeben wird, dritte Verbindungsposi-
tionsdaten erzeugt, welche die Verbindungspo-
sition des Verzdgerungselements darstellen,
welches das neueste verzdgerte Signal als Re-
aktion auf die Eingabe des Pulses zu dem be-
stimmten Zeitpunkt ausgibt, das neueste ver-
zbgerte Signal erfaf3t, welches von der Verzé-
gerungsschaltung ausgegeben wird, wenn der
Puls zu dem anderen Zeitpunkt in dem Pulssi-
gnal (PX) eingegeben wird, und vierte Verbin-
dungspositionsdaten erzeugt, welche die Ver-
bindungsposition des Verzdégerungselements
darstellen, welches das neueste verzdgerte Si-
gnal als Reaktion auf das Eingeben des Pulses
zu dem anderen Zeitpunkt ausgibt, und

und eine zweite Arithmetikschaltung (24,
26, 28) aufweist, welche die Positionsdifferenz
zwischen den dritten Verbindungspositionsda-
ten und den vierten Verbindungspositionsdaten
berechnet, die von der zweiten Verbindungspo-
sitionsdaten-Erzeugungsschaltung erzeugt
werden, und die berechnete Positionsdifferenz
als zweite Digitaldaten ausgibt, welche die Zeit-
differenz darstellen.

FrequenzmeBschaltung nach Anspruch 7, bei wel-
cher die Verzégerungsschaltung (52) aus einer
Pulsumlaufschaltung aufgebaut ist, welche eine er-
stes Verzégerungselement, das in der ersten Posi-
tion angeschlossen ist, und ein letztes Verzdge-
rungselement aufweist, das in der letzten Position
angeschlossen ist, bei welcher das letzte Verzdge-
rungselement mit dem ersten Verzdgerungsele-
ment verbunden ist und welche das Eingangssignal
durch die Vielzahl von miteinander verbundenen
Verzégerungselementen in Umlauf halt; das Aus-
geben der verzdgerten Signale als Reaktion auf das
Eingeben des Eingangssignals (PA) an irgendei-
nem Verbindungspunkt der Verzégerungselemente
gestartet wird; und die Vielzahl von verzégerten Si-
gnalen das Ergebnis eines Verzdégerns des Ein-
gangssignals um Verzdgerungsperioden ist, die
durch die Anzahl der miteinander verbundenen Ver-
zégerungselemente bestimmt werden.

FrequenzmeBschaltung nach Anspruch 9, bei wel-
cher

die erste Verbindungspositionsdaten-Erzeu-
gungsschaltung (54) eine erste Zahlschaltung,
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welche die Anzahl der Umlaufe des Eingangs-
signals (PA) innerhalb der Pulsumlaufschal-
tung (52) zahlt und einen ersten Zahlwert aus-
gibt, und eine erste Datenkombinationsschal-
tung aufweist, welche den ersten Zahlwert mit
den ersten und zweiten Verbindungspositions-
daten kombiniert, die von der ersten Verbin-
dungspositionsdaten-Erzeugungsschaltung in
der ersten Digitaldaten-Kodierschaltung er-
zeugt werden, und die Ergebnisse ausgibt;
die zweite Verbindungspositionsdaten-Erzeu-
gungsschaltung (56) eine zweite Z&hlschal-
tung, welche die Anzahl der Uml&ufe des Ein-
gangssignals (PA) innerhalb der Pulsumlauf-
schaltung (52) z&hlt und einen zweiten Zahl-
wert ausgibt, und eine zweite Datenkombinati-
onsschaltung aufweist, welche den zweiten
Z&hlwert mit den dritten und vierten Verbin-
dungspositionsdaten kombiniert, die von der
zweiten  Verbindungspositionsdaten-Erzeu-
gungsschaltung in der zweiten Digitaldaten-
Kodierschaltung erzeugt werden, und die Er-
gebnisse ausgibt; und

die kombinierten Daten als die dritten und vier-
ten Verbindungspositionsdaten ausgegeben
werden, welche in die zweite Arithmetikschal-
tung eingegeben werden.

11. Pulsgenerator zum Erzeugen von Ausgangspulsen

mit einem vorbestimmten Tastverhaltnis, der auf-
weist:

eine Verzdgerungsschaltung (62), welche aus
einer Vielzahl von miteinander verbundenen
Verzégerungselementen aufgebaut ist, in wel-
che ein Eingangssignal (PA) eingegeben wird
und welche aus einer Vielzahl von Verbin-
dungspunktender Verzégerungselemente eine
Vielzahl von verzégerten Signalen sequentiell
ausgibt, welche durch Verzdégern des Ein-
gangssignals um eine durch die Anzahl der
Verzégerungselemente bestimmte Verzdge-
rungsperiode erhalten wird;

eine erste Pulsausgabeschaltung (64), in wel-
che erste Digitaldaten (Da) eingegeben wer-
den, welche einen Ausgang von einem der Ver-
zbégerungselemente auswahlt, der den ersten
Digitaldaten (Da) entspricht, und welche einen
ersten Puls (P1) sequentiell ausgibt, wenn der
ausgewahlte Verzdgerungselementausgang
das verzdgerte Signal ausgibt, um den ersten
Puls (P1) zu einer Periode auszugeben, die
den ersten Digitaldaten entspricht;

eine zweite Pulsausgabeschaltung (66), in wel-
che zweite Digitaldaten (Db) eingegeben wer-
den, welche einen Ausgang von einem der Ver-
zbégerungselemente auswahlt, der den zweiten
Digitaldaten entspricht, und welche einen zwei-
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ten Puls (P2) sequentiell ausgibt, wenn der
ausgewahlte Verzdégerungselementausgang
das verzégerte Signal ausgibt, um den zweiten
Puls (P2) zu einer Periode auszugeben, die
den zweiten Digitaldaten entspricht; und

eine Ausgabeschaltung (68), welche aus ei-
nem RS-Flip-Flop aufgebaut ist, welches Aus-
gangspulse (PO) aus den ersten und zweiten
Pulsen (P1, P2) ausgibt, welche an einen je-
weiligen Setz- und Riicksetz-Anschlu3 ange-
legt werden,

wobei sich die ersten und zweiten Pulsausga-
beschaltungen (64, 66) die Verzbégerungs-
schaltung (62) beim Erzeugen der ersten und
zweiten Pulse teilen.

12. Pulsgenerator nach Anspruch 11, bei welchem:

a) die erste Pulsausgabeschaltung (64) eine er-
ste digital gesteuerte Pulserzeugungsschal-
tung aufweist, in welche die ersten Digitaldaten
(Da) eingegeben werden und welche den Puls
(P1) zu einem Intervall ausgibt, das den ersten
Digitaldaten (Da) entspricht, wobei die digital
gesteuerte Pulserzeugungsschaltung

eine erste Signalauswahlschaltung, wel-
che erste Positionsdaten aus den ersten
Digitaldaten (Da) ableitet und ein verzdger-
tes Signal auswéhlt, das von dem Verzo-
gerungselement ausgegeben wird, das
den ersten Positionsdaten entspricht,
eine erste Digitaldaten-Ausgabeschaltung
aufweist, welche den ersten Puls sequen-
tiell ausgibt, wenn das verzdgerte Signal
von dem ausgewahlten Verzdégerungsele-
ment ausgegeben wird; und

b) die zweite Pulsausgabeschaltung (66)

eine zweite digital gesteuerte Pulserzeu-
gungsschaltung aufweist, in welche die
zweiten Digitaldaten (Db) eingegeben wer-
den und welche einen Puls zu einem Inter-
vall ausgibt, das den zweiten Digitaldaten
(Db) entspricht, wobei die digital gesteuer-
te Pulserzeugungsschaltung

eine zweite Signalauswahlschaltung, wel-
che zweite Positionsdaten aus den zweiten
Digitaldaten (Db) ableitet und ein verzdger-
tes Signal auswéhlt, das von dem Verzo-
gerungselement ausgegeben wird, das
den zweiten Positionsdaten entspricht,
und

eine zweite Digitaldaten-Ausgabeschal-
tung aufweist, welche den zweiten Puls se-
quentiell ausgibt, wenn das verzdgerte Si-
gnal von dem ausgewahlten Verzége-
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40
rungselement ausgegeben wird.

Pulsgenerator nach Anspruch 11 oder 12, bei wel-
chem die Verzégerungsschaliung (62) aus einer
Pulsumlaufschaltung aufgebaut ist, welche ein er-
stes Verzégerungselement, das in der ersten Posi-
tion angeschlossen ist, und ein letztes Verzdge-
rungselement beinhaltet, das in der letzten Position
angeschlossen ist, bei welcher das letzte Verzdge-
rungselement mit dem ersten Verzégerungsele-
ment verbunden ist und welche das Eingangssignal
(PA) durch die Vielzahl von miteinander verbunde-
nen Verzdégerungselementen in Umlauf halt; die
Ausgabe der verzdgerten Signale als Reaktion auf
das Eingeben eines Eingangssignals an irgendei-
nem Verbindungspunkt der Verzégerungselemente
gestartet wird; und die Vielzahl von verzégerten Si-
gnalen (PA) das Ergebnis eines Verzdégerns des
Eingangssignals (PA) um Verzdégerungsperioden
ist, die durch die Anzahl der miteinander verbunde-
nen Verzégerungselemente bestimmt werden.

Pulsgenerator nach Anspruch 13 als von Anspruch
12 abhangiger Anspruch, bei welchem:

die erste Signalauswahlschaltung in der ersten
digital gesteuerten Pulserzeugungsschaltung
(64) eine erste Zahlschaltung, welche die An-
zahl der Umlaufe des Eingangssignals (PA) in-
nerhalb der Pulsumlaufschaltung zahlt und ein
Erfassungssignal ausgibt, welches anzeigt,
wenn der Zahlwert einen Wert erreicht, derdem
Z&hlwert der zu vollziehenden Umlaufe in den
ersten Digitaldaten entspricht, und eine erste
Zahlsteuerschaltung aufweist, welche den
Zahlwert in der ersten Zahlschaltung initiali-
siert, um den Zahlvorgang wiederaufzuneh-
men, wenn das Erfassungssignal von der er-
sten Zahlschaltung ausgegeben wird; und

die zweite Signalerfassungsschaltung in der
zweiten digital gesteuerten Pulserzeugungs-
schaltung (66) eine zweite Zahlschaltung, wel-
che die Anzahl der Umlaufe des Eingangssi-
gnals (PA) innerhalb der Pulsumlaufschaltung
zahlt und ein Erfassungssignal ausgibt, wel-
ches anzeigt, wenn der Zahlwert einen Wert er-
reicht, der dem Zahlwert der zu vollziehenden
Uml&ufe in den zweiten Digitaldaten entspricht,
und eine zweite Zahlsteuerschaltung aufweist,
welche den Z&hlwert in der zweiten Zahlschal-
tung initialisiert, um den Zahlvorgang wieder-
aufzunehmen, wenn das Erfassungssignal von
der zweiten Zahlschaltung ausgegeben wird.

Pulsgenerator nach Anspruch 12, bei welchem:

die erste Signalauswahlschaltung einen ersten
Positionsdaten-Ausgabeabschnitt, in welchen
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die ersten Digitaldaten (Da) eingegeben wer-
den, der zu Beginn die ersten Digitaldaten als
die ersten Positionsdaten ausgibt, die vorher-
gehend ausgegebenen ersten Positionsdaten
durch Hinzufligen der aktuell eingegebenen er-
sten Digitaldaten zu diesen aktualisiert und das
Ergebnis als aktualisierte erste Positionsdaten
ausgibt, und einen Abschnitt zum Auswahlen
eines ersten verzégerten Signals aufweist, wel-
cher das erste verzdgerte Signal, welches von
dem Verzdgerungselement an der Verbin-
dungsposition ausgegeben wird, die den ersten
Positionsdaten entspricht, aus den verzégerten
Signalen auswabhlt, die von der Verzbégerungs-
schaltung (62) sequentiell ausgegeben wer-
den; und

die zweite Signalauswahlschaltung einen zwei-
ten Positionsdaten-Ausgabeabschnitt, in wel-
chen die zweiten Digitaldaten (Db) eingegeben
werden, der zu Beginn die zweiten Digitaldaten
als die zweiten Positionsdaten ausgibt, die vor-
hergehend ausgegebenen zweiten Positions-
daten durch Hinzufligen der aktuell eingegebe-
nen zweiten Digitaldaten zu diesen aktualisiert
und das Ergebnis als aktualisierte zweite Posi-
tionsdaten ausgibt, und einen Abschnitt zum
Auswahlen eines zweiten verzégerten Signals
aufweist, welcher das zweite verzdgerte Si-
gnal, das von dem Verzdgerungselement an
der Verbindungsposition ausgegeben wird, das
den zweiten Positionsdaten (Db) entspricht,
aus den verzégerten Signalen auswahlt, die
von der Verzégerungsschaltung (62) sequenti-
ell ausgegeben werden.

Revendications

1. Convertisseur de fréquence destiné a convertir un
signal d'impulsions d'entrée (PB) présentant une
certaine fréquence en un signal d'impulsions de
sortie (POUT) présentant une autre fréquence,
comprenant :

un circuit a retard (2) qui est constitué d'une plu-
ralité d'éléments a retard interconnectés
(NAND1, NAND32, INV2 a INV31) auquel un
signal de commande (PA) est appliqué en en-
trée et qui fournit séquentiellement en sortie
une pluralité de signaux retardés (QO a Q14)
obtenus en retardant ledit signal d'entrée d'une
période de retard déterminée par les nombres
desdits éléments a retard,

un premier circuit de sortie d'impulsions (4) qui
est constitué d'un circuit de codage de données
numériques auquel ledit signal d'impulsions
d'entrée (PB) est appliqué en entrée, quifournit
en sortie des premiéres données de position re-
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présentant la position de connexion dudit élé-
ment & retard dudit circuit & retard qui produit
ledit signal retardé lorsqu'une impulsion dans
ledit signal d'impulsions d'entrée (PB) estrecue
en entrée a un certain instant et le point de con-
nexion de I'élément a retard qui produit ledit si-
gnal retardé lorsqu'une impulsion dans ledit si-
gnal d'impulsions d'entrée (PB) est recue en
entrée a un autre instant, et qui génére des pre-
miéres données numériques (Dout) indiquant
une différence de temps entre les deux impul-
sions dudit signal d'impulsions d'entrée (PB)
par la différence entre lesdites deux positions
de connexion dans lesdites premiéres données
de position, et un second circuit de sortie d'im-
pulsions (8) auquel sont appliquées en entrée
des secondes données numériques (Din) obte-
nues a partir desdites premiéres données nu-
mériques (Dout) qui sélectionne la sortie de I'un
des éléments a retard correspondant auxdites
secondes données numériques (Din) et qui
fournit séquentiellement en sortie le signal
d'impulsions de sortie (POUT) lorsque la sortie
de I'élément a retard sélectionnée produit ledit
signal retardé afin de fournir en sortie le signal
d'impulsions de sortie (POUT) a une période
correspondant auxdites secondes données nu-
mériques (Din),

dans lequel lesdits premier et second circuits
de sortie d'impulsions (4, 8) partagent ledit cir-
cuit aretard (2) en générant lesdites impulsions
respectives.

2. Convertisseur de fréquence selon la revendication
1, dans lequel :

a) ledit circuit de codage de données numéri-
ques (4) comprend un circuit de génération de
données de position de connexion (12, 14, 16,
18, 20, 22) qui détecte le signal retardé le plus
tardif fourni en sortie par ledit circuit a retard (2)
lorsque l'impulsion audit certain instant dans le-
dit signal d'impulsions d'entrée (PB) est recue
en entrée, génére des premiéres données de
position de connexion représentant la position
de connexion de |'élément a retard qui produit
ledit signal retardé le plus tardif en réponse a
I'entrée de l'impulsion & un certain instant, dé-
tecte le signal retardé le plus tardif fourni en
sortie par ledit circuit & retard (2) lorsque I'im-
pulsion audit autre instant dans ledit signal
d'impulsions d'entrée (PB) est recue en entrée
et génére des secondes données de position
de connexion représentant la position de con-
nexion de I'élément a retard qui produit ledit si-
gnal retardé le plus tardif en réponse a l'entrée
de l'impulsion audit autre instant, et
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un circuit arithmétique (24, 26, 28) qui cal-
cule la différence de position entre lesdites
premiéres données de position de con-
nexion et lesdites secondes données de
position de connexion générées par ledit
circuit de génération de données de posi-
tion de connexion et fournit en sortie ladite
différence de position calculée sous forme
desdites premiéres données numériques
représentant ladite différence de temps,
dans lequel lesdites secondes données
numériques (Din) sont lesdites premiéres
données numériques (Dout) fournies en
sortie par ledit circuit arithmétique (24, 28)
dans ledit premier circuit de codage de
données numériques (4), soit multipliées
par une valeur prédéterminée, soit divi-
sées par une valeur prédéterminée, et
dans lequel

b) ledit second circuit de sortie d'impulsions (8)
comprend un circuit de génération d'impulsions
commandé numériquement (8) auquel lesdites
secondes données numériques (Din) sont ap-
pliquées en entrée et qui fournit en sortie ledit
signal d'impulsions de sortie (POUT) & une pé-
riode correspondant auxdites secondes don-
nées numériques (Din), ledit circuit de généra-
tion d'impulsions commandé numériquement
comprenant

un circuit de sélection de signal (32, 36, 38,
40, 46) qui obtient des secondes données
de position (CDLN) a partir desdites secon-
des données numériques (Din) et sélec-
tionne une sortie de signal retardé par 'é1é-
ment a retard (44) correspondant auxdites
secondes données de position, et

un circuit de sortie de signal d'impulsions
(DFFa, 50) qui fournit séquentiellement en
sortie ledit signal d'impulsions de sortie
(POUT) lorsque ledit signal retardé est pro-
duit par ledit élément a retard sélectionné.

Convertisseur de fréquence selon la revendication
1 ou 2, dans lequel ledit circuit & retard (2) est cons-
titué d'un circuit de circulation d'impulsions qui com-
prend un premier élément a retard (NAND, INV2)
relié a la premiére position et un dernier élément a
retard (INV31, NAND32) relié a la derniére position,
dans lequel ledit dernier élément & retard est relié
audit premier élément & retard, et qui fait circuler
ledit signal de commande (PA) au travers de ladite
pluralité d'éléments & retard interconnectés, la sor-
tie desdits signaux retardés est commencée en ré-
ponse a l'entrée d'un signal d'entrée a tout point de
connexion quelconque desdits éléments a retard,
et ladite pluralité des signaux retardés constitue le
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résultat du retard dudit signal de commande (PA)
sur des périodes de retard déterminées par les
nombres desdits éléments retardés interconnectés.

Convertisseur de fréquence selon la revendication
3, lorsqu'elle dépend de la revendication 2, dans le-
quel ledit circuit de génération de données de posi-
tion de connexion comprend un premier circuit de
comptage (14) qui compte le nombre des cycles du-
dit signal de commande (PA) a l'intérieur dudit cir-
cuit de circulation d'impulsions (2) et fournit en sor-
tie une premiére valeur de comptage et un circuit
de combinaison de données (22) qui combine ladite
premiére valeur de comptage auxdites premiére et
seconde données de position de connexion géné-
rées par ledit circuit de génération de données de
position de connexion dans ledit circuit de codage
de données numériques (4) et fournit en sortie les
premiére et seconde données de position de con-
nexion aprés une telle combinaison, et dans lequel
des premiére et seconde données de position de
connexion aprés ladite combinaison, sont recues
en entrée dans ledit circuit arithmétique (24, 26,
28)..

Diviseur de fréquence selon la revendication 2,
dans lequel ledit circuit de sélection de signal (32,
36, 38, 40, 46) dans ledit circuit de génération d'im-
pulsions commandé numériquement (8) comprend
un second circuit de comptage (34) qui compte le
nombre des cycles dudit signal d'impulsions a I'in-
térieur dudit circuit de circulation d'impulsions (2) et
fournit en sortie un signal de détection indiquant
lorsque ladite valeur de comptage atteint une valeur
correspondant a la valeur de comptage des cycles
a effectuer dans lesdites secondes données numé-
riques (Din) et un circuit de commande de compta-
ge (ORa) qui initialise la valeur de comptage dans
ledit second circuit de comptage afin de reprendre
l'opération de comptage lorsque ledit signal de dé-
tection est fourni en sortie par ledit second circuit
de comptage.

Diviseur de fréquence selon la revendication 2,
dans lequel ledit circuit de sélection de signal dans
ledit circuit de génération d'impulsions commandé
numériquement comprend une partie de sortie de
données de position a laquelle lesdites secondes
données numériques (Din) sont appliquées en en-
trée, fournit en sortie initialement lesdites secondes
données numériques (Din) en tant que lesdites se-
condes données de position, rafraichit les secon-
des données de position fournies antérieurement
en sortie (CDLB) en ajoutant les secondes données
numériques actuellement regcues en entrée a cel-
les-ci et fournit en sortie le résultat sous forme de
secondes données de position rafraichies (CDLA),
et une partie de sélection de signal retardé (32) qui
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sélectionne le second signal retardé fourni en sortie
par I'élément & retard a la position de connexion cor-
respondant auxdites secondes données de position
parmi les signaux retardés fournis séquentielle-
ment en sortie par ledit circuit & retard.

Circuit de mesure de fréquence destiné a mesurer
une fréquence d'un signal d'impulsions (PX),
comprenant :

un circuit a retard (52) qui est constitué d'une
pluralité d'éléments & retard interconnectés,
auxquels un signal d'entrée (PA) estregu en en-
trée et qui fournit séquentiellement en sortie, a
partir d'une pluralité de points de connexion
desdits éléments a retard, une pluralité de si-
gnaux retardés obtenus en retardant ledit si-
gnal d'entrée d'une période de retard détermi-
née par les nombres desdits éléments a retard,
un premier circuit de sortie d'impulsions (54)
qui est constitué d'un premier circuit de codage
de données numériques auquel un signal de ré-
férence (PB) est appliqué en entrée, quifournit
en sortie des premiéres données de position re-
présentant la position de connexion dudit élé-
ment & retard dudit circuit a retard qui produit
ledit signal retardé lorsqu'une impulsion dans
ledit signal de référence (PB) est recue en en-
trée a un certain instant et représentant le point
de connexion de I'élément a retard qui produit
ledit signal retardé lorsqu'une impulsion dans
ledit signal de référence (PB) est recue en en-
trée & un autre instant, et qui génére des pre-
miéres données numériques (D1) indiquant
une différence de temps entre les deux impul-
sions dans ledit premier train d'impulsions gréa-
ce a la différence entre lesdites deux positions
de connexion dans lesdites premiéres données
de position, et

un second circuit de sortie d'impulsions (56) qui
est constitué d'un second circuit de codage de
données numériques auquel ledit signal d'im-
pulsions (PX) est appliqué en entrée, qui fournit
en sortie des secondes données de position re-
présentant la position de connexion dudit élé-
ment & retard dudit circuit a retard qui produit
ledit signal retardé lorsqu'une impulsion dans
ledit signal d'impulsions (PX) est recu en entrée
a un certain instant et représentant le point de
connexion de |'élément & retard qui produit ledit
signal retardé lorsqu'une impulsion dans ledit
signal d'impulsions (PX) est recu en entrée a
un autre instant, et qui génére des secondes
données numériques (D2) indiquant une diffé-
rence de temps entre les deux impulsions dans
ledit signal d'impulsions (PX) grace a la diffé-
rence entre lesdites deux positions de con-
nexion dans lesdites secondes données de po-
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sition, et

un circuit de division de sortie (58) qui fournit
en sortie des données numériques (D0O) indi-
quant une fréquence du signal d'impulsions
(PX) en calculant le rapport entre les premiéres
et secondes données numériques (D1, D2),
dans lequel lesdits premier et second circuits
de sortie d'impulsions (54, 56) partagent ledit
circuit a retard (52) en générant lesdites impul-
sions respectives.

8. Circuit de mesure de fréquence selon la revendica-
tion 7, dans lequel :

a) ledit premier circuit de codage de données
numériques (54) comprend,

un premier circuit de génération de don-
nées de position de connexion qui détecte
le signal retardé le plus tardif fourni en sor-
tie par ledit circuit a retard (52) lorsque I'im-
pulsion, audit certain instant dans ledit si-
gnal de référence (PB), est regue en en-
trée, génére des premiéres données de
position de connexion représentant la po-
sition d'une connexion de ['élément & re-
tard qui produit ledit signal retardé le plus
tardif en réponse a l'entrée de l'impulsion
audit certain instant, détecte le signal re-
tardé le plus tardif fourni en sortie par ledit
circuit a retard (52) lorsque l'impulsion
audit autre instant dans ledit signal de ré-
férence (PB) est recue en entrée et génére
des secondes données de position de con-
nexion représentant la position de con-
nexion de I'élément & retard qui produit le-
dit signal retardé le plus tardif en réponse
a l'entrée de l'impulsion audit autre instant,
et

un premier circuit arithmétique (24, 26, 28)
qui calcule la différence de position entre
lesdites premiéres données de position de
connexion et lesdites secondes données
de position de connexion générées par le-
dit premier circuit de génération de don-
nées de position de connexion et fournit en
sortie ladite différence de position calculée
sous forme desdites premiéres données
numériques représentant ladite différence
de temps,

b) ledit second circuit de codage de données
numériques (56) comprend un second circuit
de génération de données de position de con-
nexion qui détecte le signal retardé le plus tardif
fourni en sortie par ledit circuit & retard lorsque
I'impulsion, audit certain instant dans ledit si-
gnal d'impulsions (PX), estrecue en entrée, gé-
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nére des troisiemes données de position de
connexion représentant la position de con-
nexion de I'élément a retard qui produit ledit si-
gnal retardé le plus tardif en réponse a l'entrée
de l'impulsion audit certain instant, détecte le
signal retardé le plus tardif fourni en sortie par
ledit circuit a retard lorsque l'impulsion audit
autre instant dans ledit signal d'impulsions (PX)
est appliquée en entrée et génére des quatrié-
mes données de position de connexion repré-
sentant la position de connexion de I'élément &
retard qui produit ledit signal retardé le plus tar-
dif en réponse a l'entrée de l'impulsion audit
autre instant, et

un second circuit arithmétique (24, 26,
28) qui calcule la différence de position entre
lesdites troisiemes données de position de con-
nexion et lesdites quatritmes données de po-
sition de connexion générées par ledit second
circuit de génération de données de position de
connexion et fournit en sortie ladite différence
de position calculée sous forme desdites se-
condes données numériques représentant la-
dite différence de temps.

Circuit de mesure de fréquence selon la revendica-
tion 7, dans lequel ledit circuit & retard (52) est cons-
titué d'un circuit de circulation d'impulsions qui com-
prend un premier élément & retard relié a la premié-
re position et un dernier élément & retard relié a la
derniére position, dans lequel ledit dernier élément
a retard est relié audit premier élément a retard et
qui fait circuler ledit signal d'entrée au travers de
ladite pluralité d'éléments a retard interconnectés,
la sortie desdits signaux retardés est débutée en
réponse a l'entrée dudit signal d'entrée (PA) a tout
point de connexion quelconque desdits éléments a
retard, et ladite pluralité de signaux retardés cons-
titue le résultat du retardement dudit signal d'entrée
sur des périodes de retard déterminées par les
nombres desdits éléments a retard interconnectés.

Circuit de mesure de fréquence selon la revendica-
tion 9, dans lequel :

ledit premier circuit de génération de données
de position (54) comprend un premier circuit de
comptage qui compte le nombre des cycles du-
dit signal d'entrée (PA) a l'intérieur dudit circuit
de circulation d'impulsions (52) et fournit en
sortie une premiére valeur de comptage et un
premier circuit de combinaison de données qui
combine ladite premiére valeur de comptage
avec les premiére et seconde données de po-
sition de connexion générées par ledit premier
circuit de génération de données de position de
connexion dans ledit premier circuit de codage
de données numériques et fournit en sortie les
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résultats,

ledit second circuit de génération de données
de position de connexion (56) comprend un se-
cond circuit de comptage qui compte le nombre
des cycles dudit signal d'entrée (PA) a l'inté-
rieur dudit circuit de circulation d'impulsions
(52) et fournit en sortie une seconde valeur de
comptage et un second circuit de combinaison
de données qui combine ladite seconde valeur
de comptage avec les troisiéme et quatriéme
données de position de connexion générées
par ledit second circuit de génération de don-
nées de position de connexion dans ledit se-
cond circuit de codage de données numériques
et fournit en sortie les résultats, et

lesdites données combinées sont fournies en
sortie sous forme desdites troisiéme et quatrié-
me données de position de connexion regues
en entrée dans ledit second circuit arithméti-
que.

11. Générateur d'impulsions destiné a générer des im-

pulsions de sortie présentant un rapport cyclique
prédéterminé comprenant :

un circuit & retard (62) qui est constitué d'une
pluralité d'éléments a retard interconnectés,
auxquels un signal d'entrée (PA) est appliqué
en entrée et qui fournit séquentiellement en
sortie a partir d'une pluralité de points de con-
nexion desdits éléments a retard, une pluralité
de signaux retardés obtenus en retardant ledit
signal d'entrée sur une période de retard déter-
minée par les nombres desdits éléments a re-
tard,

un premier circuit de sortie d'impulsions (64)
auquel des premiéres données numériques
(Da) sont appliquées en entrée, qui sélectionne
une sortie de |'un des éléments & retard corres-
pondant auxdites premiéres données numéri-
ques (Da) et qui fournit séquentiellement en
sortie une premiére impulsion (P1) lorsque la
sortie de I'élément & retard sélectionné produit
ledit signal retardé afin de fournir en sortie la
premiére impulsion (P1) & une période corres-
pondant auxdites premiéres données numéri-
ques,

un second circuit de sortie d'impulsions (66)
auquel des secondes données numériques
(Db) sont appliquées en entrée, qui sélectionne
une sortie de |'un des éléments & retard corres-
pondant auxdites secondes données numéri-
ques et qui fournit séquentiellement en sortie
une seconde impulsion (P2) lorsque la sortie de
I'élément & retard sélectionné produit ledit si-
gnal retardé afin de fournir en sortie la seconde
impulsion (P2) & une période correspondant
auxdites secondes données numériques, et
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un circuit de sortie (68) constitué d'une bascule
de type RS qui fournit en sortie des impulsions
de sortie (PO) a partir des premiére et seconde
impulsions (P1, P2) appliquées a une borne
d'établissement et de réinitialisation respecti-
ve, dans lequel lesdits premier et second cir-
cuits de sortie d'impulsions (64, 66) partagent
ledit circuit a retard (62) en générant lesdites
premiére et seconde impulsions.

12. Générateur d'impulsions selon la revendication 11,

dans lequel :

a) ledit premier circuit de sortie d'impulsions
(64) comprend

un premier circuit de génération d'impul-
sions commandé numériquement, auquel
lesdites premiéres données numériques
(Da) sont appliquées en entrée et qui four-
nit en sortie ladite impulsion (P1) a un in-
tervalle correspondant auxdites premiéres
données numériques (Da), ledit circuit de
génération d'impulsions commandé numé-
riquement comprenant

un premier circuit de sélection de signal qui
obtient des premiéres données de position
a partir desdites premiéres données numé-
riques (Da) et sélectionne un signal retardé
fourni en sortie par I'élément a retard cor-
respondant auxdites premiéres données
de position,

un premier circuit de sortie de données nu-
mériques qui fournit séquentiellement en
sortie ladite premiére impulsion lorsque le-
dit signal retardé est produit par ledit élé-
ment a retard sélectionné, et

b) ledit second circuit de sortie d'impulsions
(66) comprend

un second circuit de génération d'impul-
sions commandé numériquement, auquel
lesdites secondes données numériques
(Db) sont appliquées en entrée et qui four-
nit en sortie une impulsion & un intervalle
correspondant auxdites secondes don-
nées numériques (Db), ledit circuit de gé-
nération d'impulsions commandé numéri-
quement comprenant

un second circuit de sélection de signal qui
obtient des secondes données de position
a partir desdites secondes données numé-
riques (Db) et sélectionne un signal retardé
fourni en sortie par I'élément a retard cor-
respondant auxdites secondes données
de position,

un second circuit de sortie de données nu-
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13.

14.

50

mériques qui fournit séquentiellement en
sortie ladite seconde impulsion lorsque le-
dit signal retardé est produit par ledit élé-
ment & retard sélectionné.

Générateur d'impulsions selon la revendication 11
ou 12, dans lequel ledit circuit & retard (62) est cons-
titué d'un circuit de circulation d'impulsions qui com-
prend un premier élément & retard relié & la premié-
re position et un dernier élément & retard relié a la
derniére position, dans lequel ledit dernier élément
a retard est relié audit premier élément a retard et
qui fait circuler ledit signal d'entrée (PA) au travers
de ladite pluralité d'éléments a retard interconnec-
tés, la sortie desdits signaux retardés est débutée
en réponse a l'entrée d'un signal d'entrée a tout
point de connexion quelconque desdits éléments a
retard, et ladite pluralité des signaux retardés cons-
titue le résultat du retardement dudit signal d'entrée
(PA) sur des périodes de retard déterminées par les
nombres desdits éléments a retard interconnectés.

Générateur d'impulsions selon la revendication 13,
lorsqu'elle dépend de la revendication 12, dans
lequel :

ledit premier circuit de sélection de signal dans
ledit premier circuit de génération d'impulsions
commandé numériquement (64) comprend un
premier circuit de comptage qui compte le nom-
bre des cycles dudit signal d'entrée (PA) a I'in-
térieur dudit circuit de circulation d'impulsions
et fournit en sortie un signal de détection indi-
quant lorsque ladite valeur de comptage atteint
une valeur correspondant & la valeur de comp-
tage des cycles devant étre effectués dans les-
dites premiéres données numériques et un pre-
mier circuit de commande de comptage qui ini-
tialise la valeur de comptage dans ledit premier
circuit de comptage pour reprendre 'opération
de comptage lorsque ledit signal de détection
est fourni en sortie par ledit premier circuit de
comptage, et

ledit second circuit de sélection de signal dans
ledit second circuit de génération d'impulsions
commandé numériquement (66) comprend un
second circuit de comptage qui compte le nom-
bre des cycles dudit signal d'entrée (PA) a I'in-
térieur dudit circuit de circulation d'impulsions
et fournit en sortie un signal de détection indi-
quant lorsque ladite valeur de comptage atteint
une valeur correspondant & la valeur de comp-
tage des cycles devant étre effectués dans les-
dites secondes données numériques et un se-
cond circuit de commande de comptage qui ini-
tialise la valeur de comptage dans ledit second
circuit de comptage afin de reprendre l'opéra-
tion de comptage lorsque ledit signal de détec-
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tion est fourni en sortie par ledit second circuit
de comptage.

15. Générateur d'impulsions selon la revendication 12,
dans lequel : 5

ledit premier circuit de sélection de signal com-
prend une premiére partie de sortie de données

de position, a laquelle lesdites premiéres don-
nées numériques (Da) sont appliquées en en- 70
trée, fournit initialement en sortie lesdites pre-
miéres données numériques sous forme des-
dites premiéres données de position, rafraichit

les premiéres données de position fournies
précédemment en sortie en ajoutant les pre- 15
miéres données numériques actuellement re-
cues en entrée dans celui-ci et fournit en sortie

le résultat sous forme de premiéres données

de position rafraichies et une partie de sélec-

tion de premier signal retardé qui sélectionne 20
le premier signal retardé fourni en sortie par
I'élément & retard a la position de connexion
correspondant auxdites premiéres données de
position parmi les signaux retardés fournis sé-
quentiellement en sortie par leditcircuit a retard 25
(62), et

ledit second circuit de sélection de signal com-
prend une seconde partie de sortie de données

de position, a laquelle lesdites secondes don-
nées numériques (Db) sont appliquées en en- 30
trée, fournit initialement en sortie lesdites se-
condes données numériques sous forme des-
dites secondes données de position, rafraichit

les secondes données de position fournies pré-
cédemment en sortie en ajoutant les secondes 35
données numériques actuellement recues en
entrée dans celui-ci et fournit en sortie le résul-

tat sous forme de secondes données de posi-

tion rafraichies et une partie de sélection de se-
cond signal retardé qui sélectionne le second 40
signal retardé fourni en sortie par I'élément a
retard & la position de connexion correspon-
dant auxdites secondes données de position
(Db) parmi les signaux retardés fournis sé-
quentiellement en sortie par leditcircuit a retard 45
(62).
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FIG. 8
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FIG. 10 (a)
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